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IMPORTANT NOTICE 


Texas Instruments (Tl) reserves the right to make changes to or to 
discontinue any semiconductor product or service identified in this 
publication without notice. TI advises its customers to obtain the latest 
version of the relevant information to verify, before placing orders, 
that the information being relied upon is current. 


Tl warrants performance of its semiconductor products to current 
specifications in accordance with Tl’s standard warranty. Testing and 
other quality control techniques are utilized to the extent Tl deems 
necessary to support this warranty. Unless mandated by government 
requirements, specific testing of all parameters of each device is not 
necessarily performed. 


Tl assumes no liability for Tl applications assistance, customer product 
design, software performance, or infringement of patents or services 
described herein. Nor does TI warrant or represent that any license, 
either express or implied, is granted under any patent right, copyright, 
mask work right, or other intellectual property right of Tl covering or 
relating to any combination, machine, or process in which such 
semiconductor products or services might be or are used. 


Information contained in this data book supersede all data for this 
technology published by TI in the United States before January 1990. 


Copyright © 1990, Texas Instruments Incorporated 


INTRODUCTION 


This data book presents the three major categories of Optoelectronic and Image Sensing devices that Texas 
Instruments now offers to the Military, Computer, Industrial, and Consumer electronics markets. These categories 
are: 


@ CCD Linear Image Sensors 
@ Optocouplers/Optoisolators 
@ Intelligent LED Displays 


The CCD Image Sensor product line offers a range of linear sensors from an organization of 128 x 1 to 
3456 x 1. The product family utilizes TI’s patented Virtual Phase technology to minimize the number of clock 
electrodes required by the imager, resulting in simpler external circuitry requirements and improved performance. 


The Optocoupler/Optoisolator devices are offered in metal-can and plastic dual-in-line (P-DIP) packages, JEDEC- 
registered metal cans provide transistor output functions. All of TI's Optocoupler/Optoisolator P-DIPs are UL 
recognized and provide functions such as logic gates, triac, and transistor/Darlington outputs. 


The Intelligent red LED Displays are plastic-encapsulated dual-in-line packages that contain TTL-compatible on- 
board electronics to decode input signals and provide constant current to each LED. 


This data book also contains information on hermetically sealed standard Pill package Infrared Emitters and 
Phototransistors. 


A selection guide, located in Section 1, lists the important electrical parameters and features. The glossary 
describes the symbols, abbreviations, terms, and definitions. Included is a cross-reference table listing other 
manufacturers with the direct or nearest replacement devices. The contents provides easy location of major 
information in the general information, quality and reliability, and applications sections. The alphanumeric index 
lists page numbers for all the device types. The detailed data sheets complete the salient features of the data book. 


While this volume offers design and specification data only for Optoelectronic and Image Sensing components, 
complete technical information for all Tl semiconductor products are available from your nearest TI Field Sales 
Office, local authorized TI distributor, or by writing directly to: 


Texas Instruments Incorporated 
LITERATURE RESPONSE CENTER 
P. O. Box 809066 

Dallas, Texas 75380-9066 


We sincerely feel that you will discover this new 7990 Optoelectronics and Image Sensor Data Book to be a 
significant addition to your collection of technical literature. 
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PPL EERO <A 5 «ot tho: eer gee ool ete a pee 3-179 CUI ea ae oe a ee sla ida hel, oe DAE 4-17 
TL ERAE 0 ed te, Ate oR SM oe eel 3-185 PURPA oh ate Be. ase Ply Bde Ha. 6 nc oh Se 4-17 
BREVARD on 0. hed) Ol wee waar Codon) BRR 3-185 APART or vee SN NYG: ee ED a sal g's, aca et SO 4-17 
BRILVR RB. 6x 'f oS Wels een b meee 3-185 TERRI erate ic a SENG ve W683 4-17 
ie 7 a een es te sy rer ess Lar ere 3-185 TORR ics, oh ici by ue Oa a Bp ee eviews. (v.¢. «ol MO 4-23 
FPULSREOe Ad, Fo eee sae ater A Le Ae WE 3-185 TNR PA yer (ah gee erg eh hors iro dw a ORWEND 4-23 
DES eaae «1A eae Oe prea a a otek oe 3-185 re 0 A eae tee et a 5-25 
BER ESESO> x oo Guy Gir Mea nota a etal mekoe a wits Meee 3-185 PS Ed Sle a SE oe 2 ar A 2 5-25 
5]) Sal ho ae. SN beg eege ke es ork oe or eae eR ei 3-185 TR ier rc FS re IS RTS nals: ced 4, 5-25 
MMGROOTL. 5.2: aerae a dots, sale alae suse. 9 Tere 3-191 Be OS eer oe ys WO) ae ee Oe 5-25 
STHAWEROAZ su o dskd a Caen ee oe te Pe 3-191 gf aT eS ee oP 5-33 
RUE O=ees aaa vlan sca Baa ater wae 3-191 TOMS hoe state. a Sug a mre ee ess, da) ho ww REIS 3-207 
TNE WE Sn weoperanane alot, ava tapeeiad pha aaoe 3-191 GOO R Te AM ee, et 3-207 
RRC POST. ik wee ee eae eso he 3-191 1 Lk 5] ep a Un 2 Oo ee Ck 3-207 
EWR 2 aca Ace woh we aia aa ie ee et 3-191 AWRUNCIDD dlearte) pro te iS aeme Gree 4, fon corr Hinr due acco 3-207 
WILTAOZS: 2 2:2 5ce tlie ee eee Sa ae eee 3-191 PROD ae. 5. 5 czsck ty Aces REN dre Ke one oa) OO 3-213 
TAOOAA 2s oes 2d ed ee Oe Ses 3-191 THESO2N 36 pce bere et a we SM 3-213 
TARO 2 oo. uo le Ae eee 2 ee 3-197 PU ea ea sad es ah Ae, wes As 0. 3s, Ro 3-213 
TA ROGA, « c:2.c.- $n aad > Ae eae 3-197 56) | pe ae ee ae ee Sg BF 3-213 
ARE OSPR 5. 5 a sat.B aleaa dee ategth aru ietae to ita 3-197 AAR RA ctx norae ar tecsoh a aint Cats <a ac acca Seto OO 2-89 
HENS? 2.5 a eRe Van eee eee 3-197 MISO OS), 4 Ss a wet Shes ge Uae? 2-93 
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OPTOELECTRONICS AND IMAGE SENSORS 
QUICK REFERENCE GUIDE 


linear arrays 


TYPE PIXELS PIXEL SIZE SENSITIVITY err 


Tc102T 12.7 wm x 12.7 um 3.5 VipJ/cm2 10-pin CDIP (0.300 in) 2-5 
TC102-1* 12.7 wm x 12.7 pm 3.5 V/pdicm2 10-pin CDIP (0.300 in) BAT 
12.7 um 3.5 Vipd/cm2 24-pin CDIP (0.600 in) 2-29 


Tc103t 12.7 um x 
TC103-1+ 12.7 ym x 12.7 pm 3.5 V/pJ/cm2 24-pin CDIP (0.600 in) 2-41 
Tc104t 10.7 ym x 10.7 um 2.0 VipJd/cm2 24-pin CDIP (0.600 in) 2-53 
7™C104-1+ 10.7 wm x 10.7 um 2.0 Vipdicm2 24-pin CDIP (0.600 in) 2-65 
TC106-1+ 10.7 ym x 10.7 um 2.0 VipJdicm2 24-pin CDIP (0.600 in) 2-77 


T Minimum and typical values of Write Reference (WR) and End of Scan (EOS) are specified. 
+ Typical values of WR and EOS are specified. 


evaluation boards 


SiGe TC103, TC103-1, TC104, Device socket fits TC103, TC103-1, TC104, TC104-1, and a 
fe " 7-59 


TC104-1 and TC106-1 TC106-1 (See TCK Evaluation Kits below) 


TC102 and TC102-1 Device socket fits TC102 and TC102-1 (See TCK102 below) 


evaluation kits 


TCK102 TC102 plus PC402 See Application section ‘Operating Instructions for Linear CCD Image Sensors’’ 
TCK103 TC103 plus PC401 See Application section ‘‘Operating Instructions for Linear CCD Image Sensors’’ 7-59 
TCK104 TC104 plus PC401 See Application section ‘‘Operating Instructions for Linear CCD Image Sensors’’ 


TCK106-1 TC106-1 plus PC401 See Application section ‘‘Operating Instructions for Linear CCD Image Sensors"’ 
recommended support functions for linear image sensors 


SUPPLY ANALOG INPUT 
TYPE DESCRIPTION | VOLTAGE, Vcc | VOLTAGE, ANLG IN FEATURES 
MIN(V) MAX(V) | MIN(V) _ MAX(V) | 


TL1591 | Sample and hold | 4.75 5.5 | (0.8 __| Bandwidth 25 MHz Typ — Sample Rate 15 MHz Max 
TLD369 | Dual clock driver | 4.75 22 ets Sara Can switch negative voltage with respect to Vpp 


Caution. These devices have limited built-in gate protection. The leads should be shorted together or the device 
AN placed in conductive foam during storage or handling to prevent electrostatic damage to the MOS gates. Avoid 
Ata shorting either OS or EOS to Vsg during operation to prevent damage to the amplifiers. 


TEXAS ¥e 
INSTRUMENTS 


POST OFFICE BOX 655303 © DALLAS, TEXAS 75265 


General Information 


1-7 


OPTOELECTRONICS AND IMAGE SENSORS 
QUICK REFERENCE GUIDE 


optocouplers, 6-pin plastic DIP and metal can 


ISOLATION VOLTAGE (kV) MINIMUM CTR 
f = 60 Hz (%) FEATURES 


50 
100 (500 max) Metal Can 
200 (1000 max) 


Metal Can 


Isolated Metal Can 


Plastic DIP, UL File E-65085 


Plastic DIP, UL File E-65085 


50 
100 (500 max) JEDEC, Metal Can 
200 (1000 max) 


oh Plastic DIP, UL File E-65085 3-109 
ic - i] ¥ ™ 
MCT2E ; ae I 
TIL102 
Metal Can 3-133 
TIL103 


TIL111 
TIL113 
TIL114 
TIL116 - Plastic DIP, UL File E-65085 
TIL117 
TIL118 


TIL119A . TIL119A has no base connection. 


TIL120 
Metal Can 3-151 
TIL121 


TIL124 
TIL125 
TIL126 
TIL127 High-Voltage Darlington, Plastic DIP 
TIL128A UL File E-65085 

TIL128A has no base connection. 


UOI}eEUOJU] [249U95 


High Voltage, Plastic DIP, 
UL File E-65085 


TJAN, JANTX, JANTXV levels to MIL-S-19500/486A USAF are also available. 
+ Available in PEP3 processing also. 
SJAN, JANTX, JANTXV levels to MIL-S-19500/548 are also available. 


1-8 TEXAS % 
INSTRUMENTS 


POST OFFICE BOX 655303 - DALLAS, TEXAS 75265 


OPTOELECTRONICS AND IMAGE SENSORS 
QUICK REFERENCE GUIDE 


optocouplers, 6-pin plastic DIP and metal can (continued) 


ISOLATION VOLTAGE (kV) MINIMUM CTR 
TYPE f = 60 Hz (%) FEATURES 


TIL153 
TIL154 
TIL155 
TIL156 
TIL157A 


TIL181 


TIL186-1 
TIL186-2 
TIL186-3 
TIL186-4 
TIL187-1 
TIL187-2 
TIL187-3 
TIL187-4 
TIL188-1 
TIL188-2 
TIL188-3 
TIL188-4 
TIL189-1 
TIL189-2 
TIL189-3 
TIL189-4 
TIL190-1 
TIL190-2 
TIL190-3 
TIL190-4 
TIL191 
TIL191A 
TIL191B 
TIL192 
TIL192A 
TIL192B 
TIL193 
TIL193A 
TIL193B 
TIL194 
TIL194A 
TIL194B 
TIL195 
TIL195A 
TIL195B 
TIL196 
TIL196A 
TIL196B 


High Voltage, Plastic DIP, 
UL File E-65085 


High-voltage, Darlington, Plastic DIP, 
UL File E-65085 3-171 


TIL157A has no base connection. 


Plastic DIP, UL File E-65085 3-175 


AC Input Darlington, Plastic DIP, 3-179 
UL File E-65085 

AC Input Darlington, Plastic DIP, 

UL File E-65085 

Same as TIL189 except TIL190 has no base 

lead connection for high-EMI environment. 3-185 
UL File E-65085. 


General Information 


High-Voltage, Plastic DIP, 35191 
UL File E-65085 

Same as TIL189 except TIL190 has no base 

lead connection for high-EMI environment. 

UL File E-65085. 


Single Channel 4-pin DIP 
UL File 65085 


3-197 


Dual Channel 8-pin DIP 
UL File 65085 


Quad Channel 16-pin DIP 
UL File 65085 


AC Input, Single Channel 
4-pin DIP 

UL File E-65085 

AC Input, Single Channel 
8-pin DIP 

UL File E-65085 

AC Input, Single Channel 
16-pin DIP 

UL File E-65085 
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OPTOELECTRONICS AND IMAGE SENSORS 
QUICK REFERENCE GUIDE 


optocouplers, 8-pin plastic DIP, high-speed (Ta = 25°C unless otherwise noted) 
Vou ae Ve (MAX serene ae (MAX) rs 
" = E VOLTAGE (MIN) 


Ip = 16 mA 
tpLH OR tpHL 


0.4 V (Io = 1.1 mA) 1.7V 1.5 us (RL = 4.1 kQ) 
0.4 V (lo = 2.4 mA) 1.7. 0.8 us (RL = 1.9 kQ) 
0.4 V (lg = 2.4 mA) 0.8 us (RL = 1.9 ko) 


0.4 Vilg = 2.4mA) | 1.7V | 1.5 98 (R= 4.1 KM) 
0.4 V ll = 2.4 mA) 0.8 ys (Rr = 1.9 KO) 


OA Vilg = 2.4ma) | _1.7V | 0.8 95 (R = 1.9 KO) 3.33 


Voi (MAX) 
SWITCHING TIMES (MAX 
Ip = 5mA, Vr (MAX) ‘ } ISOLATION 
Ip = 7.5 mA, Ry = 3500, Cy = 15 pF 
lot = 13 mA Ip = 10 mA VOLTAGE (MIN) 
Ta = 0°C to 70°C 


HCPL2630+* 


UOH}}eWWOjU] jeueUey FS 


CTR (MIN) ‘ea dena 

Vo = 0.4V ‘ Rs dak Ve (MAX) ISOLATION 
- .o m. 

ip = 1.6 mA, “ VOLTAGE (MIN) 


Ta = 0°C to 70° 
Ta = 0°C to 70°C | A= 2 SOTO 


6N138T 300% 0.4 V (Ig= 4.8 mA) - 
6N1391 500% 0.4 V (Ig = 6.4 mA) ‘ = : 
L = 
F 20 us, 
HCPL2730 300% 0.4 V (ig = 4.8 mA) 1.7V 
HCPL2731 500% 0.4 V (Io = 6.4 mA) 


optocouplers, 6-pin plastic DIP TRIAC driver (Ta = 25°C unless otherwise noted) 


eS Igy (MAX) Ve (MAX) Vtm (MAX) IpRm (MAX) ISOLATION 
Vim = 3V| Ip = 10mA | itm = 100 mA | RATED VpRM VOLTAGE (MIN) 
MOC3009 ‘ 7.5 kV de 


MOC3010 ; 7.5 kV de 
MOC3011 5 7.5 kV de 


MOC3012 . 7.5 kV de 
MOC3020 : 100 V/ps 7.5 kV de 
MOC3021 x 100 V/us 7.5 kV de 
MOC3022 . 100 V/us 7.5 kV de 
MOC3023 Z 100 V/us 7.5 kV de 


Tt JEDEC registered 
*Dual channel! 
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OPTOELECTRONICS AND IMAGE SENSORS 
QUICK REFERENCE GUIDE 


optocouplers, 6-pin plastic DIP TRIAC driver (Ta = 25°C unless otherwise noted) 


Ip7 (MAX) Ve (MAX) Vtm (MAX) Iprw (MAX) ISOLATION 
Vim = 3V | Ip = 10 mA Itm = 100 mA RATED Vprm VOLTAGE (MIN) 
TIL3009 30 mA ; 3V 3.5 kV de 


TIL3010 15 mA : 3V 3.5 kV de 
TIL3011 10 mA F 3V 3.5 kV de 


TIL3012 5 mA ‘ 3V 3.5 kV de 
TIL3020 2 100 V/us 3.5 kV de 
TIL3021 : 100 V/us 3.5 kV de 
TIL3022 ; 100 V/us 3.5 kV de 
TIL3023 . 100 V/us 3.5 kV de 


optocouplers, 6-pin plastic DIP, Schmitt trigger (Ta = 25°C unless otherwise noted) 


OUTPUT HYSTERESIS | SWITCHING TIMES (MAX) ISOLATION 
IeT + (MAX) 


LOGIC 


ete FUNCTION | CONFIGURATION RATIO (TYP) tpLH OR tpy_ | VOLTAGE (MIN) 
OPI8012 Buffer Totem pole 10 mA 5 5 us 3.54 kV de 
OPI8013 Buffer Open collector 10 mA R 5 us 3.54 kV de 
OPI8014 Inverter Totem pole 10 mA : 5 us 3.54 kV de 
OPI8015 Inverter Open collector 10 mA i 5 us 3.54 kV de 


hybrid displays 


CHARACTER COLOR 
HEIGHT OF PACKAGE REMARKS 
mm (inches) DISPLAY 
TIL302 Left decimal 
TIL3O2A 14-lead dual- | Left decimal 
7-segment 6,9 (0.270) 4 f 
TIL303 in-line plastic | Right decimal 
TIL303A Right decimal 


TIL304 Polarity ane 6.9 (0.270) 14-lead dual- feme-<) os decins| 43 
TIL304A overflow unit in-line fem) Right decimal 

5x7 lead dual- 
TIL305 7,6 (0.300) ve" | Left decimal 

alphanumeric -line plastic 


TIL306 Left decimal 
TIL306A Left decimal 
TIL307 Right decimal 
TIL3O7A 16-lead dual- | Right decimal 
7-segment 6,9 (0.270) er. : = 
TIL308 in-line plastic | Left decimal 
TIL3O8A Left decimal 
TIL309 Right decimal 
TIL3O9A Right decimal 


TIL311 ‘ 14-lead dual- | Logic includes latch, decoder, and driver. 
Hexadecimal 7,6 (0.300) ab i 3 : 
TIL311A in-line plastic | TL311 and TL311A — left and right decimals 


TYPE OF 
CHARACTER(S) 
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OPTOELECTRONICS AND IMAGE SENSORS 


QUICK REFERENCE GUIDE 


ee diodes 


=) 
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IN5722 
IN5723 
IN5724 
IN5725 


TIL601 
TIL602 
TIL603 
TIL604 


FEATURES 


Pill package for mounting on double-sided 
printed circuit boards. Compatible with 
TIL601 Series. 


ARK CURRENT 
2 Sy POWER 


(MAX) FEATURES 
Voce = 30V 


DISSIPATION 


ElA-registered versions 
of TIL601 thru TIL604 


Pill package designed for 

mounting on double-sided 
printed board. Compatible 
with TIL23 series. 


Tu60aHR2 | __7ma |_| _25na_ | 50mw__| 
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OPTOELECTRONICS AND IMAGE SENSORS 
QUICK REFERENCE GUIDE 


sensor-emitter arrays 


POWER 
Ic 
outpuT | Vp MAX i, MIN 
TYPE | FUNCTION q 3 Ip = 50 mA 
MIN Ip = 50 mA | Vee = 5V 
VceE = 5V 
Ip = 50 mA 


TIL131 


Nine-element 
gallium arsenide 
IRED array 


TIL132 


TIL133 


Nine-element 
phototransistor 
array 


Nine-channel 
IRED-photo- 
transistor pair 


VCE(sat) 
TYP 


I¢ = 2mA 
Ip = 50 mA 


FEATURES 


Nine TIL23s mounted 
on pc board for paper 
tape readers 
Nine LS600s mounted 
on pe board for paper 
tape readers 


od 


Consists of a TIL131 
and TIL132 with 
specified channel 
performance 


TIL134 


Twelve-element 
gallium arsenide 
IRED array 


TIL135 


TIL136 


Twelve-element 
phototransistor 
array 


Twelve-channel 
IRED-photo- 
transistor pair 


2.5 mA 
to 
10 mA 
0.4 mW 1.5V 
2mA 


2.5 mA 
to 
10 mA 
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Twelve TIL23s mounted 
on 6,4-mm (0.250-in) 


centers. For reading 


punched cards 
| Twelve L600s mounted 
on 6,4-mm (0.250-in) 


centers in double-sided 
pce board 

Consists of a TIL134 
and TIL135 with 
specified channel 


performance 


General Information 


General Information 
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OPTOELECTRONICS 
CROSS-REFERENCE GUIDE 


SS ES er a SS a EE Se sr ee oe 
Replacements are based on similarity of electrical and mechanical characteristics as shown in currently published 
data. Interchangeability in particular applications is not guaranteed. Before using a device as a substitute, the 
user should compare the specifications of the substitute device with the specifications of the original. 


Texas Instruments makes no warranty as to the information furnished and buyer assumes all risk in the use 
thereof. No liability is assumed for damages from the use of the information contained herein. 


DEVICE 
3N243 
3N244 
3N245 
4N22 
4N22A 
4N23 
4N23A 
4N24 
4N24A 
4N25 
4N25A 
4N26 
4N27 
4N28 
4N29A 
4N30 
4N31 
4N33 
4N34 
4N35 
4N36 
4N37 
4N47 
4N48 
4N49 
6N135 
6N136 
6N137 
6N138 
6N139 
6N140A 
5082-7100 
5082-7101 
5082-7300 
5082-7300 
5082-7302 
5082-7302 
5082-7340 
BPX621 
BPX6211 
BPX62111 
CL12 


A = TI Direct Replacement 
B = Nearest Replacement 


MANUFACTURER/SOURCE 
JEDEC Registered (Industry common) 
JEDEC Registered (Industry common) 
JEDEC Registered (Industry common) 
JEDEC Registered (Industry common) 
JEDEC Registered (Industry common) 
JEDEC Registered (Industry common) 
JEDEC Registered (Industry common) 
JEDEC Registered (Industry common) 
JEDEC Registered (Industry common) 
JEDEC Registered (Industry common) 
JEDEC Registered (Industry common) 
JEDEC Registered (Industry common) 
JEDEC Registered (Industry common) 
JEDEC Registered (Industry common) 
JEDEC Registered (Industry common) 
JEDEC Registered (Industry common) 
JEDEC Registered (Industry common) 
JEDEC Registered (Industry common) 
JEDEC Registered (Industry common) 
JEDEC Registered (Industry common) 
JEDEC Registered (Industry common) 
JEDEC Registered (Industry common) 
JEDEC Registered (Industry common) 
JEDEC Registered (Industry common) 
JEDEC Registered (Industry common) 

Hewlett Packard 
Hewlett Packard 
Hewlett Packard 
Hewlett Packard 
Hewlett Packard 
Hewlett Packard 
Hewlett Packard 
Hewlett Packard 
Hewlett Packard 
Hewlett Packard 
Hewlett Packard 
Hewlett Packard 
Hewlett Packard 
Siemens 
Siemens 
Siemens 
Clairex 


Ti 
DEVICE CODE 


TIL120 
TIL120 
TIL120 
4N22 
4N22 
4N23 
4N23 
4N24 
4N24 
4N25 
TIL154 
4N26 
4N27 
4N28 
TIL156 
TIL113 
TIL119 
TIL113 
TIL113 
4N35 
4N36 
4N37 
4N47 
4N48 
4N49 
6N135 
6N136 
6N137 
6N138 
6N139 
6N140A 
TIL305 
TIL305 
TIL309 
TIL307 
TIL308 
TIL306 
TIL311 
TIL602 
TIL602 
TIL603 
TIL118 


omnwnwaoanwaoawoaooarrrrrrrrrrrrrrrrrrrrrrrrrrrrwega 


os 
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OPTOELECTRONICS 
CROSS-REFERENCE GUIDE 


Ti 
DEVICE MANUFACTURER/SOURCE DEVICE CODE 
CL13 Clairex 4N37 B 
CL15 Clairex TIL116 B 
CL16 Clairex TIL117 B 
CL17 Clairex TIL118 B 
CL18 Clairex TIL116 B 
1 CL19 Clairex TIL116 B 
CL112 Clairex TIL157 B 
CL1506 Clairex TIL118 B 
G) CL1510 Clairex 4N37 B 
s CL1511 Clairex 4N37 B 
@O CL10506A Clairex TIL116 B 
> CLT3160 Clairex TIL602 B 
ua CLT3170 Clairex TIL604 B 
5 CNX35 Quality Technologies Corp. TIL126 A 
o CNX36 Quality Technologies Corp. 4N35 A 
= CNY17-1 General Electric TIL126 B 
3 CNY17-2 General Electric TIL126 B 
2 CNY17-3 General Electric TIL127 B 
o CNY17-4 General Electric TIL128 B 
5 CNY18-2 Siemens TIL120 B 
CNY18-3 Siemens TIL121 B 
CNY35 General Electric TIL186-1 A 
CNY47 General Electric TIL116 A 
CNY47A General Electric TIL117 A 
cayso General Electric 4N35 A 
DLIA Siemens TIL302 B 
DL10 Siemens TIL302 B 
DL10A Siemens TIL302 B 
DL57 Siemens TIL305 B 
DL101 Siemens TIL304 B 
DL101A Siemens TIL304 B 
GE3009 General Electric TIL3009 A 
GE3010 General Electric TIL3010 A 
GE3011 General Electric TIL3011 A 
GE3012 General Electric TIL3012 A 
GE3020 General Electric TIL3020 A 
GE3021 General Electric TIL3021 A 
GE3022 General Electric TIL3022 A 
GE3023 General Electric TIL3023 A 
GEPS2001 General Electric TIL117 A 
H11A1 General Electric TIL117 A 
H11A1 Motorola TIL117 A 
H11A2 General Electric TIL112 A 
H11A2 Motorola 4N26 A 
H11A3 General Electric TIL114 B 
H11A3 General Electric TIL114 A 
H11A3 General Electric TIL115 B 
H11A3 General Electric TIL116 A 
H11A3 General Electric TIL116 A 
= TI Direct Replacement 
= Nearest Replacement 
Texas WO 
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Ti 
DEVICE MANUFACTURER/SOURCE DEVICE CODE 
H11A3 Motorola 4N25 A 
H11A4 General Electric TIL111 A 
H11A4 Motorola 4N27 A 
H11A5 General Electric TIL118 B 
H11A5 General Electric TIL116 A 
H11A5 Motorola TIL117 A 
H11A10 General Electric 4N27 A 
H11A520 General Electric TIL125 A 
H11A520 General Electric TIL124/TIL154 B 
H11A550 General Electric TIL126 A 
H11A590 General Electric TIL126 A 
H11A590 General Electric TIL126/TIL155 B 
H11A5100 General Electric 4N35 A 
H11AA1 General Electric TIL186-2 A 
H11AA1 Motorola TIL186-1 A 
H11AA2 General Electric TIL186-1 A 
H11AA2 Motorola TIL186-2 A 
H11AA3 General Electric TIL186-3 A 
H11AA3 Motorola TIL186-3 A 
H11AA4 General Electric TIL186-4 A 
H11AA4 Motorola TIL186-4 A 
H11B1 General Electric TIL189-2 A 
H11B1 General Electric TIL113 B 
H11B1 General Electric TIL187 B 
H11B1 General Electric TIL188 B 
H11B2 General Electric TIL119 B 
H11B2 General Electric TIL113 A 
H11B3 General Electric TIL119 A 
H11B255 General Electric TIL189-1 A 
H11BX522 General Electric TIL189-3 A 
H11G2 General Electric TIL156 B 
H11J1 General Electric TIL3011 A 
H11J2 General Electric TIL3010 A 
H11JN3 General Electric TIL3011 A 
H11J34 General Electric TIL3010 A 
H11J5 General Electric TIL3010 A 
H11L1 General Electric OPI8015 A 
H11L2 General Electric OPI8015 A 
HCPL2502 Hewlett Packard HCPL2502 A 
HCPL2530 Hewlett Packard HCPL2530 A 
HCPL2531 Hewlett Packard HCPL2531 A 
HCPL2601 Hewlett Packard HCPL2601 A 
HCPL2630 Hewlett Packard HCPL2630 A 
HCPL2631 Hewlett Packard HCPL2631 A 
HCPL2730 Hewlett Packard HCPL2730 A 
HCPL2731 Hewlett Packard HCPL2731 A 
HCPL4502 Hewlett Packard HCPL4502 A 
IL-1 Siemens TIL125 A 
IL-5 Siemens TIL117 A 
A = TI Direct Replacement 
B = Nearest Replacement 
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OPTOELECTRONICS 
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1 a RS SSS TS SS a SS 


Ti 
DEVICE MANUFACTURER/SOURCE DEVICE CODE 
IL-12 Siemens TIL111 B 
IL-15 Siemens TIL112 A 
IL-16 Siemens TIL118 B 
IL-30 Siemens TIL113 B 
IL-74 Siemens TIL111 A 
1 IL-94 Siemens TIL153 B 
IL-101 Siemens HCPL2601 A 
IL-203 Siemens TIL127 B 
[e) IL-250 Siemens TIL186-3 A 
@ 1L-251 Siemens TIL186-2 A 
= IL-252 Siemens TIL186-4 A 
2 IL-501 Siemens TIL126 a 
—_ IL-505 Siemens 4N35 A 
5 IL-512 Siemens TIL125 A 
anal ILA-30 Siemens TIL113 A 
° ILA-55 Siemens TIL189-1 A 
3 ILCA2-30 Siemens TIL113 A 
o® ILCA2-55 Siemens TIL189-1 A 
=. JAN4N22 Micropac JAN4N22 A 
3 JAN4N22A Micropac JAN4N22A A 
JAN4N22A Optek/Optron JAN4N22A A 
JAN4N23 Micropac JAN4N23 A 
JAN4N23A Micropac JAN4N23A A 
JAN4N23A Optek/Optron JAN4N23A A 
JAN4N24 Micropac JAN4N24 A 
JAN4N24A Micropac JAN4N24A A 
JAN4N24A Optek/Optron JAN4N24A A 
JAN4N47 Micropac JAN4N47 A 
JAN4N48 Micropac JAN4N48 A 
JAN4N49 Micropac JAN4N49 A 
JANTX4N22 Micropac JANTX4N22 A 
JANTX4N22A Micropac JANTX4N22A A 
JANTX4N22A Optek/Optron JANTX4N22A A 
JANTX4N23 Micropac JANTX4N23 A 
JANTX4N23A Micropac JANTX4N23A A 
JANTX4N23A Optek/Optron JANTX4N23A A 
JANTX4N24 Micropac JANTX4N24 A 
JANTX4N24A Micropac JANTX4N24A A 
JANTX4N24A Optek/Optron JANTX4N24A A 
JANTX4N47 Micropac JANTX4N47 A 
JANTX4N48 Micropac JANTX4N48 A 
JANTX4N49 Micropac JANTX4N49 A 
JANTXV4N22 Micropac JANTXV4N22 A 
JANTXV4N22A4 Micropac JANTXV4N22A A 
JANTXV4N22A Optek/Optron JANTXV4N22A A 
JANTXV4N23 Micropac JANTXV4N23 A 
JANTXV4N23A Micropac JANTXV4N23A A 
JANTXV4N23A Optek/Optron JANTXV4N23A A 
JANTXV4N24 Micropac JANTXV4N24 A 
= TI Direct Replacement 
= Nearest Replacement 
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Tl 
DEVICE MANUFACTURER/SOURCE DEVICE CODE 
JANTXV4N24A Micropac JANTXV4N24A A 
JANTXV4N24A Optek/Optron JANTXV4N24A A 
JANTXV4N47 Micropac JANTXV4N47 A 
JANTXV4N48 Micropac JANTXV4N48 A 
JANTXV4N49 Micropac JANTXV4N49 A 
L15AX601 General Electric TIL601 A 
L15AX604 General Electric TIL604 A 
MAN1A Quality Technologies Corp. TIL302 A 
MAN2A Quality Technologies Corp. TIL305 A 
MAN10A Quality Technologies Corp. TIL302 A 
MAN101A Quality Technologies Corp. TIL304 A 
MAN1001A Quality Technologies Corp. TIL304 A 
MCA230 Quality Technologies Corp. TIL156 A 
MCA231 Quality Technologies Corp. TIL156 A 
MCA255 Quality Technologies Corp. TIL189-1 A 
MCA2230 Quality Technologies Corp. TIL127 A 
MCA2231 Quality Technologies Corp. TIL189-2 A 
MCA2255, Quality Technologies Corp. TIL189-2 A 
MCC670 Quality Technologies Corp. 6N138 A 
MCC671 Quality Technologies Corp. 6N139 A 
MCL2502 Quality Technologies Corp. HCPL2502 A 
MCL2530 Quality Technologies Corp. HCPL2530 A 
MCL2531 Quality Technologies Corp. HCPL2531 A 
MCL2601 Quality Technologies Corp. HCPL2601 A 
MCL2630 Quality Technologies Corp. HCPL2630 A 
MCL2631 Quality Technologies Corp. HCPL2631 A 
MCP3009 Quality Technologies Corp. MOC3009 A 
MCP3010 Quality Technologies Corp. MOC3010 A 
MCP3011 Quality Technologies Corp. MOC3011 A 
MCP3012 Quality Technologies Corp. MOC3012 A 
MCP3020 Quality Technologies Corp. MOC3020 A 
MCP3021 Quality Technologies Corp. MOC3021 A 
MCP3022 Quality Technologies Corp. MOC3022 A 
MCP3023 Quality Technologies Corp. MOC3023 A 
MCT2 Quality Technologies Corp. MCT2 A 
MCT2E Quality Technologies Corp. MCT2E A 
MCT4 Quality Technologies Corp. TIL120 A 
MCT26 Quality Technologies Corp. TIL111 A 
MCT210 Quality Technologies Corp. TIL126 A 
MCT270 Quality Technologies Corp. TIL125 A 
MCT271 Quality Technologies Corp. TIL117 A 
MCT272 Quality Technologies Corp. 4N36 A 
MCT273 Quality Technologies Corp. TIL127 B 
MCT274 Quality Technologies Corp. TIL128 B 
MCT275 Quality Technologies Corp. TIL127 B 
MCT276 Quality Technologies Corp. TIL116 A 
MCT277 Quality Technologies Corp. 4N35 A 


A = TI Direct Replacement 
B = Nearest Replacement 
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Ti 
DEVICE MANUFACTURER/SOURCE DEVICE CODE 
MCT2201 Quality Technologies Corp. 4N35 A 
MCT2202 Quality Technologies Corp. TIL126 A 
MCT5200 Quality Technologies Corp. 4N35 A 
MCT5201 Quality Technologies Corp. 4N35 A 
MCT5210 Quality Technologies Corp. 4N35 A 
1 MCT5211 Quality Technologies Corp. 4N35 A 
MLED910 Motorola TIL23 A 
MOC119 Motorola TIL128A A 
q@) MOC1000 Motorola TIL116 A 
¢ MOC1000 Motorola 4N26 B 
@ MOC1001 Motorola 4N25 8 
Py MOC1001 Motorola TIL116 A 
= MOC1002 Motorola 4N27 B 
= MOC1002 Motorola TIL116 A 
| MOC1003 Motorola 4N28 B 
° MOC1005 Motorola TIL125 A 
3 MOC1006 Motorola TIL124 A 
2 MOC1100 Motorola TIL113 A 
o MOC1200 Motorola TIL113 A 
s MOC3009 Motorola MOC3009 A 
MOC3010 Motorola MOC3010 A 
MOC3011 Motorola MOC3011 A 
MOC3012 Motorola MOC3012 A 
MOC3020 Motorola MOC3020 A 
MOC3021 Motorola MOC3021 A 
MOC3022 Motorola MOC3022 A 
MOC3023 Motorola MOC3023 A 
MOC5007 Motorola OPI8015 A 
MOC5008 Motorola OPI8015 A 
MOC5009 Motorola OPI8015 A 
MOC8020 Motorola TIL190-2 A 
MOC8021 Motorola TIL190-3 A 
MOC8030 Motorola TIL190-1 A 
MOC8050 Motorola TIL190-2 A 
MOC8080 Motorola TIL189-2 A 
MOC8100 Motorola TIL126 A 
MRD601 Motorola TIL601 A 
MRD602 Motorola TIL602 A 
MRD603 Motorola TIL603 A 
MRD603 Motorola TIL604 B 
MRD604 Motorola TIL604 A 
OP123 Optek/Optron TIL23 A 
OP124 Optek/Optron TIL24 A 
OP600 Optek/Optron LS600 A 
OP601 Optek/Optron TIL601 A 
OP602 Optek/Optron TIL602 A 
OP603 Optek/Optron TIL603 A 
OP604 Optek/Optron TIL604 A 
OP640 Optek/Optron LS600 A 
A = TI Direct Replacement 
B = Nearest Replacement 
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OP641 
OP642 
OP643 
OPI102 
OPI103 
OPI130 
OPI140 
OPI2100 
OPI2150 
OPI2151 
OPI2152 
OPI2153 
OPI2154 
OPI2155 
OPI2250 
OPI2251 
OPI2252 
OPI2253 
OPI2254 
OPI2255 
OPI2500 
OPI2501 
OPI2502 
OPI2630 
OPI3009 
OPI3010 
OPI3011 
OPI3012 
OPI3020 
OPI3021 
OPI3022 
OPI3023 
OPI3150 
OPI3151 
OPI3152 
OPI3250 
OPI3251 
OPI3252 
OPI8012 
OPI8013 
OPI8014 
OPI8015 
OPI8137 
PC110 
PC4N25 
PC4N26 
PC4N27 
PC4N28 
PC4N35 


A = TI Direct Replacement 
B = Nearest Replacement 


MANUFACTURER/SOURCE 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 
Optek/Optron 

Sharp 
Sharp 
Sharp 
Sharp 
Sharp 
Sharp 
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Ti 

DEVICE 
TIL601 
TIL602 
TIL603 
TIL102/4N22 
TIL103/4N24 
4N48 
TIL120 
4N35 
TIL112 
4N27 
4N26 
TIL117 
4N37 
4N37 
TIL115 
TIL153 
TIL116 
TIL117 
4N36 
4N36 
TIL186-1 
TIL186-2 
HCPL2502 
HCPL2630 
TIL3009 
TIL3010 
TIL3011 
TIL3012 
TIL3020 
TIL3021 
TIL3022 
TIL3023 
TIL119A 
TIL119A 
TIL189-1 
TIL157A 
TIL157A 
TIL189-1 
OPI8012 
OPI8013 
OPI8014 
OPI8015 
6N137 
TIL126 
4N25 
4N26 
4N27 
4N28 
4N35 
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Tl 
DEVICE MANUFACTURER/SOURCE DEVICE CODE 
PC4N36 Sharp 4N36 A 
PC4N37 Sharp 4N37 A 
PC613 Sharp TIL117 A 
PC618 Sharp 6N136 A 
PC713 Sharp TIL126 A 
1 PC733 Sharp TIL186-2 A 
PC733H Sharp TIL186-2 A 
PC810 Sharp TILI91A A 
q) PC810A Sharp TILIQ1A A 
g PC810B Sharp TIL1918 A 
@O PC812 Sharp TIL191B A 
Py PC812A Sharp TIL191B A 
_= PC813 Sharp TIL194 A 
= PC813A Sharp TIL194A A 
= PC814 Sharp TIL194 A 
° PC814A Sharp TIL194A A 
3 PC815 Sharp TIL197 A 
2 PC816 Sharp TILI91A A 
o PC816A Sharp TIL191B A 
5 PC816AB Sharp TIL191B A 
PC816AC Sharp TIL191B A 
PC816AD Sharp TIL191B A 
PC817 Sharp TIL191A A 
PC817T1 Sharp TIL191B A 
PC818 Sharp TIL191 A 
PC823 Sharp TIL195 A 
PC823A Sharp TIL195A A 
PC825 Sharp TIL198 A 
PC826 Sharp TIL192A A 
PC826A Sharp TIL192B A 
PC826AB Sharp TIL192B A 
PC826AC Sharp TIL192B A 
PC826AD Sharp TIL192B A 
PC827 Sharp TIL192A A 
PC827T1 Sharp TIL192B A 
PC829 Sharp TIL913A A 
PC843 Sharp TIL196 A 
PC843A Sharp TIL196A A 
PC845 Sharp TIL199 A 
PC846 Sharp TIL193A A 
PC846A Sharp TIL193B A 
PC846AB Sharp TIL193B A 
PC846AC Sharp TIL193B A 
PC846AD Sharp TIL193B A 
PC847 Sharp TIL193A A 
PC847T1 Sharp TIL193B A 
PC849 Sharp TIL914A A 
PC900 Sharp OPi8015 A 
Pcg901 Sharp OPI8015 A 
A = TI Direct Replacement 
B = Nearest Replacement 
Texas 
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Tl 
DEVICE MANUFACTURER/SOURCE DEVICE CODE 
PS2001B NEC TIL117 A 
PS2002B NEC TIL157A A 
PS2003B NEC TIL117 A 
PS2004B NEC TIL189-4 A 
PS2006B NEC 6N136 A 
PS2006B(1) NEC 6N135 A 
PS2007B NEC 6N137 A 
PS2010-K NEC 4N36 A 
PS2010-L NEC TIL117 A c 
PS2010-M NEC TIL116 A 2 
PS2011-L NEC 4N35 A i] 
PS2011-M NEC TIL126 A ‘= 
PS2012(1)-M NEC TIL128 A re] 
PS2012-M NEC TIL128A A = 
PS2015-N NEC TIL125 A = 
PS2016B NEC 6N136 A —_ 
PS2018-L NEC 4N35 A © 
PS2018-M NEC TIL126 A o 
PS2021-L NEC 4N35 A . 
PS2021-M NEC TIL126 A (G) 
PS2031-L NEC 4N35 A 
PS2031-M NEC TIL126 A 
PS2044 NEC 6N136 A 
PS2401A-1R NEC TIL191B A 
PS2401A-2R NEC TIL192B A 
PS2401A-4R NEC TIL193B A 
PS2403-1M NEC TIL191B A 
PS2403-2M NEC TIL192B A 
PS2403-4M NEC TIL193B A 
PS2501-1D NEC TIL191B A 
PS2501-2D NEC TIL192B A 
PS2501-4D NEC TIL193B A 
PS2505-1 NEC TIL194B A 
PS2505-2 NEC TIL195B A 
PS2505-4 NEC TIL196B A 
S11MD5V Sharp MOC3022 A 
$CD11B2 Honeywell TIL127 B 
S$CD11B2 Honeywell TIL113 B 
$CD11B2 Honeywell TIL157 B 
SCD11B2 Honeywell TIL119 B 
$CD11B2 Honeywell TIL156 B 
$CD11B2 Honeywell TIL128 B 
$D2440-1 Honeywell TIL601 A 
$D2440-2 Honeywell TIL602 A 
$D2440-3 Honeywell TIL603 A 
$D2440-4 Honeywell TIL604 A 
SE2450-1 Honeywell TIL23 A 
SE2450-2 Honeywell TIL23 A 
SE2450-3 Honeywell TIL25 A 


| Direct Replacement 


A=T 
B = Nearest Replacement 
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Ti 
DEVICE MANUFACTURER/SOURCE DEVICE CODE 
SE2460-1 Honeywell TIL23 B 
SE2460-2 Honeywell TIL23 B 
SE2460-3 Honeywell TIL24 A 
SFH600 Honeywell THAT B 
SFH600-0 Honeywell TIL117 B 
A SFH601-1 Honeywell TIL155 B 
SPX2E Honeywell TIL125 B 
SPX2E Honeywell TIL124 B 
q@) SPX6 Honeywell TIL126 A 
@ SPX26 Honeywell TIL153 A 
4 SPX26 Honeywell TIL118 B 
ry SPX26 Honeywell TIL115 B 
= SPX33 Honeywell TIL154 B 
Ss SPX33 Honeywell TIL153 B 
= SPX33B2 Honeywell TIL116 B 
° SPX33B2 Honeywell TIL114 B 
3 SPX53 Honeywell TIL117 B 
2 SPX53 Honeywell TIL155 A 
a TLP2530 Toshiba HCPL2530 A 
ba TLP2531 Toshiba HCPL2531 A 
TLP2601 Toshiba HCPL2601 A 
TLP2630 Toshiba HCPL2630 A 
TLP2631 Toshiba HCPL2631 A 
TLP3009 Toshiba MOC3009 A 
TLP3010 Toshiba MOC3010 A 
TLP3011 Toshiba MOC3011 A 
TLP3012 Toshiba MOC3012 A 
TLP3020 Toshiba MOC3020 A 
TLP3021 Toshiba MOC3021 A 
TLP3022 Toshiba MOC3022 A 
TLP3023 Toshiba MOC3023 A 
TLP504A Toshiba TIL192A A 
TLP504A-2 Toshiba TIL193A A 
TLP504A-2GB Toshiba TIL193B A 
TLP504AGB Toshiba TIL192B A 
TLP521-1A Toshiba TILI91A A 
TLP521-1GB Toshiba TIL191B A 
TLP521-2A Toshiba TIL192A A 
TLP521-2GB Toshiba TIL192B A 
TLP521-4A Toshiba TIL193A A 
TLP521-4GB Toshiba TIL193B A 
TLP575 Toshiba TIL157A A 
TLP620 Toshiba TIL194A A 
TLP620-2 Toshiba TIL195A A 
TLP620-2GB Toshiba TIL195B A 
TLP620-4 Toshiba TIL196A A 
TLP620-4GB Toshiba TIL196B A 
TLP620GB Toshiba TIL194B A 
TLP621 Toshiba TILI91A A 


A = TI Direct Replacement 
B = Nearest Replacement 
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Ti 
DEVICE MANUFACTURER/SOURCE DEVICE CODE 
TLP621-2 Toshiba TIL192A A 
TLP621-2GB Toshiba TIL192B A 
TLP621-4 Toshiba TIL193A A 
TLP621-4GB Toshiba TIL193B A 
TLP621GB Toshiba TIL191B A 
TLP624 Toshiba TIL191B A 
TLP624-2 Toshiba TIL192B A 
TLP624-4 Toshiba TIL193B A 
TLP626 Toshiba TIL194B A 
TLP626-2 Toshiba TIL195B A 
TLP626-4 Toshiba TIL196B A 
TLP630 Toshiba TIL186-3 A 
TLP630GB Toshiba TIL186-4 A 
TLP651 Toshiba 6N136 A 


A = TI Direct Replacement 


General Information 
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DEVICE 
RL128G 
RL2048 
ccD111 
CCD142 
CCD143 


B = Nearest Replacement 


MANUFACTURER/SOURCE 
EG&G Reticon 
EG&G Reticon 

Fairchild 
Fairchild 
Fairchild 
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TC102 
TC103 
TC102 
TC103 
TC103 


CODE 
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GLOSSARY 


OPTOELECTRONIC AND IMAGE-SENSING TERMS AND DEFINITIONS 


Introduction 


This glossary contains letter symbols, abbreviations, terms, and definitions commonly used with 
optoelectronic devices. Most of the information, excluding the image-sensing concepts, was obtained from 


JEDEC Standard No. 77. 


Index to Glossary by Symbols and Abbreviations 


hr 


IC(on) 


Demodulation bandwidth 
Charge-coupled device 
Charge-transfer device 
Cathode-ray tube 

Current transfer ratio 
Irradiance 

luminance 

Modulation frequency 
Irradiance 

Current transfer ratio 
Off-state collector current 
On-state collector current 
Dark current 

Radiant intensity 

Forward current 

Light current 

Reverse current 
Infrared-emitting diode 
Luminous intensity 

Radiance 

Luminance 

Light-emitting diode 

Noise equivalent power (spectral density) 
National Television System Committee 
Noise equivalent power (spectral density) 
Radiant flux or power output 
Radiant energy 

Luminous energy 

Radiant responsivity 
Red-green-blue (monitor) 
Luminous responsivity 
Steradian 

Delay time 

Fall time 

Radiant pulse fall time 
Radiant pulse rise time 

Rise time 

Storage time 

Forward voltage 

Noise equivalent bandwidth 
Spectral bandwidth 
Half-intensity beam angle 
Wavelength at peak emission 
Radiant flux 

Luminous flux 


— 
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Units of Measurement 


Unit Symbol Note 
amperet A 
angstrom A 1 A= 10-19 m= 10-4 um=0.1 nm 
candelat cd 1 cd = 1 Im/sr 
candela/foot2 cd/ft2 1 cd/ft2 = 10.76391 cd/m2 
| candela/meter2t ced/m2 
degree Celsiust Bi 2: 
°K See K 
(ep) faradt F 
@ foot ft 1 ft = 0.3048 m (exactly) 
footcandle fc 1 fe = 1 Im/ft2 = 10.76391 Ix 
= footlambert fL 1 fL = (1/m) cd/ft2 = 3.426259 cd/m2 
S hertzt Hz 
5 inch in 1 in = 2.54 cm (exactly) 
=p kelvint K Formerly °K, degree Kelvin 
Q lambert L 1 L = 3183.099 cd/m2 
3 lument Im 
3) luxt Ix 1 Ix = 1 Im/m2 
=, metert m 
S mho mho 1mho=1S 
micron u The equivalent unit um is preferred 
mil mil 1 mil = 10-3 in = 0.0254 mm (exactly) 
nit nt 1 nt= 1 cd/m2 
ohmt 2 
phot ph 1 ph = 1 Im/cm2 
secondt s 
siemenst Ss 
steradiant sr 
stilb sb 1 sb = 1 cd/cm2 
voltt 7 
wattt Ww 
Tinternational System (S!) units. 
Metric Multipliers 
Most of the preceding SI unit symbols can be combined with the metric multipliers that follow. 
Symbol Prefix Multiple 
G giga 109 
M mega 106 
k kilo 103 
h hecto 102 
da deka 10 
d deci 10-1 
c centi 10-2 
m milli 10-3 
m micro 10-6 
n nano 10-9 
p pico 10-12 
f femto 10-15 
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Analog Output 


An output whose amplitude is continuously proportionate to the input. 


Axis of Measurement 


The direction from the source of radiant energy, relative to the mechanical axis, in which the measurement 
of radiometric and/or spectroradiometric characteristics is performed. 


Black Level 


The display signal level corresponding to the maximum limit for black peaks. 


Brightness 


See Luminance. 


Charge-Coupled Device (CCD) 


A charge-transfer device that stores charge in potential wells and transfers this charge almost completely 
as a packet by translating the position of the potential wells. 


Charge-Coupled Image Sensor 


A charge-coupled device in which an optical image is converted into packets of charge that can be transferred 
as the electrical analog of the image. 


Charge-Transfer Device (CTD) 


A device in which the operation depends on the movement of discrete packets of charge along or beneath 
the semiconductor surface, or through the interconnections on the semiconductor surface. 


Color Contrast 


The ratio of the luminance values of two colors. 


Color Encoder 


A device that produces an encoded color signal from separate red, green, and blue color inputs. 


Color Edging 


Undesired colors appearing at the edges of colored images. 


Color Temperature (of a light source) 


The absolute temperature of a blackbody radiator having a chromaticity equal to that of the light source. 
TYPICAL UNIT: K (formerly °K). 


Coordinates 
A method of locating a pixel in space, typically using an x, y, and z axis. (Cartesian Coordinates System). 


Current Transfer Ratio, DC (of an Optocoupler) (hf or CRT) 


The ratio of the dc output current to the dc input current. 
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Dark Current (Ip) 
The current that flows through a photosensitive device in the dark condition. 
NOTE: The dark condition is attained when the electrical parameter under consideration approaches a value 
that cannot be altered by further irradiation shielding. 

Darlington Phototransistor 


A phototransistor whose collector and emitter are connected to the collector and base, respectively, of 
a second transistor. The emitter current of the input transistor is amplified by the second transistor and 
the device has very high sensitivity to illumination or irradiation. 


GRAPHIC SYMBOL: 


> 
™“ 


NOTE: The base region(s) may or may not be brought out as (an) electrical terminal(s). 


Delay Time (tg) 
The time interval from the point at which the leading edge of the input pulse has reached 10% of its 
maximum amplitude to point at which the leading edge of the output pulse has reached 10% of its maximum 
amplitude. 

Demodulation Bandwidth (B) 
The frequency interval in which the demodulated output of a photodetector, or a system including a 
photodetector, is not more than 3 dB below the midband output. Midband output is the output in the region 
of flat response or the average output over a specific frequency range. 

Fall Time (tg) 
The time duration during which the trailing edge of a pulse is decreasing from 90% to 10% of its maximum 
amplitude. 

Forward Current (IF) 
The current through a semiconductor diode when the p-region (anode) is a positive potential with respect 
to the n-region (cathode). 

Forward Voltage (VF) 
The voltage across a semiconductor diode associated with the flow of forward current. The p-region is 
a positive potential width respect to the n-region. 

Gray Scale 
An optical pattern in discrete steps between light and dark. 


Note: A gray scale with ten steps that differ by the square root of two is usually in resolution test charts. 


Half-Intensity Beam Angle (6}4)) 


The angle within which the radiant intensity is not less than half of the maximum intensity. 
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Hexadecimal Display 
A solid-state display capable of exhibiting numbers O through 9 and alpha characters A through F. 
NOTE: The TIL311 is a hexadecimal display with an integral TTL circuit that will accept, store, and display 
4-bit binary data. 

Iluminance (Illumination) (Ey) 


The luminous flux density incident on a surface; the quotient of the flux divided by the area of illuminated 
surface. 


TYPICAL UNITS: Im/ft2, Ix = Im/m2; 1 Im/ft2 = 10.76391 Ix. 


Image 


A displayed view of one or more objects or parts of objects. 


Infrared Emission 


Radiant energy that is characterized by wavelengths longer than visible red, i.e., about 0.78 pm to 100 um. 


Infrared-Emitting Diode (IRED) 


General Information 


A diode capable of emitting radiant energy in the infrared region of the spectrum resulting from the 
recombination of electrons and holes. 


NOTE: TI manufactures GaAs and GaAlAs radiant-energy sources that emit in the 0.82-um to 0.94-um 
portion of the near-infrared region. These emitters are spectrally matched with TI silicon photodetectors. 


GRAPHIC SYMBOL: 


Irradiance (Ee, formerly H) 


The radiant flux density incident on a surface; the quotient of the flux divided by the area of irradiated 
surface. 


TYPICAL UNITS: W/ft2, W/m2; 1 W/ft2 = 10.76391 W/m2. 


Light Current (IL) 


The current that flows through a photosensitive device, such as a phototransistor or a photodiode, when 
it is exposed to radiant energy. 


Light-Emitting Diode (LED) 


A diode capable of emitting luminous energy resulting from the recombination of electrons and holes. 


GRAPHIC SYMBOL: 
Na 
“Na 
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Linearity 


The property of being linear. A linear relationship exists between two quantities when a change in a second 
quantity is directly proportional to change in the first quantity. 


Luminance (Ly) (Photometric Brightness) 


The luminous intensity of a surface in a given direction per unit of projected area of the surface as viewed 
from that direction. 


TYPICAL UNITS: fL, cd/ft2, cd/m2; 1 fL = (1/2) cd/ft2 = 3.426259 cd/m2. 


G) 
@ Luminous Energy (Qy) 
Ss 
@ The time rate of flow of luminous energy. 
4 
2 TYPICAL UNITS: Imes. 
3 Luminous Flux (®y) 
is] Energy traveling in the form of visible radiation. 
2 TYPICAL UNIT: Im 
= 
o NOTE: Luminous flux is related to radiant flux by the eye-response curve of the International Commission 
5 of Illumination (CIE). At the peak response (\ = 555 nm), 1 W = 680 Im. 
Luminous Intensity (ly) 
Luminous flux per unit solid angle in a given direction. 
TYPICAL UNIT: cd. 1 cd = 1 Im/sr. 
Luminous Responsivity (Ry) 
The quotient of the rms value of the fundamental component of the electrical output divided by the rms 
value of the fundamental component of the luminous flux of a specified distribution. 
TYPICAL UNITS: V/Im, A/im. 
Modulation Frequency (fmod) 
The frequency of modulation of the luminous or radiant flux. 
Monochrome 
Any combination of colors of the same hue, but of different saturations and luminances. 
Noise Equivalent Bandwidth (Af) 
The equivalent bandwith of a flat (or white) sharp-cutoff noise spectrum, having the same maximum value 
and containing the same noise power as the actual broadband output noise power of the device or circuit. 
TYPICAL UNIT: Hz. 
ji 
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Noise Equivalent Power (Pp, or NEP) 


The rms value of the fundamental component of a modulated radiant flux incident on the detector area 
that will produce a signal (voltage or current) at the detector output that is equal to the broadband rms 
noise (voltage or current). 


TYPICAL UNIT: W. 
NOTE: The noise equivalent power equals the broadband output noise (voltage or current) divided by the 
responsivity (in volts/watt or amperes/watt). 
Noise Equivalent Power (Spectral Density) (Pp), or NEP) 
The noise equivalent power in a one-hertz bandwidth at the detector output. 
TYPICAL UNITS: W/Hz1/2, 


NOTE: The noise equivalent power spectral density equals the noise equivalent power divided by the square 
root of the noise bandwidth. 


Off-State Collector Current (IC(o¢¢)) (of an Optocoupler) 


The output current when the input current is zero. 


On-State Collector Current (IC(gn)) (of an Optocoupler) 
The output current when the input current is above the threshold level. 


NOTE: An increase in the input current will usually result in a corresponding increase in the on-state collector 
current. 


Optical Axis 
A line about which the radiant-energy pattern is centered. 
NOTES: 1. The radiant-energy pattern may be nonsymmetrical. 
2. The optical axis may deviate from the mechanical axis. 
Optocoupler (Optically Coupled Isolator, Photocoupler) 


A device designed for the transformation of electrical signals by utilizing optical radiant energy so as to 
provide coupling with electrical isolation between the input and the output. 


NOTE: As manufactured by Texas Instruments, these devices consist of a gallium arsenide infrared-emitting 
diode and a silicon phototransistor and provide high-voltage isolation between separate pairs of input and 
output terminals. 


Optoelectronic Device 


A device that is responsive to or that emits or modifies coherent or noncoherent electromagnetic radiation 
in the visible, infrared, and/or ultraviolet spectral regions; or a device that utilizes such electromagnetic 
radiation for its internal operation. 


Photocurrent 


The difference between light current (IL) and dark current (Ip) in a photodetector. 


General Information 
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Photodetector, Photosensitive Device 


A device that is responsive to electromagnetic radiation in the visible, infrared, and/or ultraviolet spectral 
regions. 


Photodiode 


A diode that is intended to be responsive to radiant energy. 


| sy eel 
oy 8) 


NOTE: The photodiode is characterized by linearity between the input radiation and the output current. 
It has faster switching speeds than a phototransistor. 


Photometric Axis 


See Axis of Measurement. 


UONeWOJU] jeseUer 


Photometric Brightness 


See Luminance. 


Photon 


A quantum (the smallest possible unit) of radiant energy; a photon carries a quantity of energy equal to 
Planck's constant (6.6262 x 10-34 joule/hertz) times the frequency. 


Phototransistor 
A transistor (bipolar or field-effect) that is intended to be responsive to radiant energy. 
NOTE: The base region or gate may or may not be brought out as an external terminal. 
GRAPHIC SYMBOLS: 


By 
me 


Picture Element 
The smallest segment of a raster line which can be discretely controlled by the display system. Also called 
a pixel, pel, or pixcell. 

Quantum Efficiency (of a Photosensitive Device) 


The fractional number of effective electron-hole pairs produced within the device for each incident photon. 
For devices that internally amplify or multiply the electron-hole pairs, such as phototransistors or avalanche 
photodiodes, the effect of the gain is to be excluded from quantum efficiency. 
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Quantum Efficiency, External (of a Photoemitter) 


The number of photons radiated for each electron flowing into the radiant source. 


Radiance (Le) 


The radiant intensity of a surface in a given direction per unit of projected area of the surface as viewed 
from that direction. 


TYPICAL UNIT: Wesr-1m-2. 


as 


Radiant Energy (Qe) 5 
Energy traveling in the form of electromagnetic waves. = 
TYPICAL UNITS: Wess, J. & 

Radiant Flux or Power Output (#e or Po) 2 

is} 
The time rate of flow of radiant energy. — 
TYPICAL UNITS: W. © 
® 

Radiant Intensity (le) 3 
Radiant flux per unit solid angle in a given direction. oO 
TYPICAL UNIT: W/sr. 

Radiant Pulse Fall Time (ts) 

The time required for a radiometric quantity to change from 90% to 10% of its peak value for a step change 
in electrical input. 

Radiant Pulse Rise Time (t,) 

The time required for a radiometric quantity to change from 10% to 90% of its peak value for a step change 
in electrical input. 

Radiant Responsivity (Re) 

The quotient of the rms value of the fundamental component of the electrical output divided by the rms 
value of the fundamental component of the radiant flux of a specified distribution. 
TYPICAL UNITS: V/W, A/W. 

Resolution 
The number of visible distinguishable units in the device coordinate space. 

Reverse Current (IR) 

The current through a semiconductor diode when the n region (cathode) is at a positive potential with 
respect to the p region (anode). 

Reverse Voltage (VR) 

The voltage across a semiconductor diode associated with the flow of reverse current. The n region is 
at a positive potential with respect to the p region. 
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Rise Time (ty) 
The time duration during which the leading edge of a pulse is increasing from 10% to 90% of its maximum 
amplitude. 

Series Resistance 
The undepleted bulk resistance of the photodiode substrate. 
NOTE: This characteristic becomes significant at higher frequencies where the capacitive reactance of 
the junction is of the same or lower magnitude compared to the series resistance. 

Shift Register 
A register in which the stored data can be moved from left to right, or vice versa. 


Spectral Bandwidth (A)) 


The wavelength interval in which the spectral concentration of a photometric or radiometric quantity is 
not less than half of its maximum value. 


TYPICAL UNITS: A, um, nm. 


Steradian (sr) 
A unit of solid angular measurement equal to the solid angle at the center of a sphere subtended by a 
portion of the surface area equal to the square of the radius; there are 4 a steradians in a complete sphere. 
The number of steradians in a cone of full angle @ is 2 x (1 — cos 0.5). 

Storage Time (ts) 
The time interval from a point at which the trailing edge of the input pulse has dropped to 90% of its 
maximum amplitude to a point at which the trailing edge of the output pulse has dropped to 90% of its 
maximum amplitude. 

Visible Emission 


Radiant energy that is characterized by wavelengths of about 0.38 ym to 0.78 um. 


Wavelength at Peak Emission (\p) 
The wavelength at which the spectral radiant intensity is maximum. 


TYPICAL UNITS: A, um, nm. 1 A = 10-4 um = 0.1 nm. 
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VIRTUAL PHASE 
IMAGE SENSING TECHNOLOGY BREAKTHROUGH 


CLOCKED 
ELECTRODE 


OVERLAPPING 
ELECTRODES 


Fig. 2 Standard 2 Phase Design 


ITHOUT FILTER 
Smee 
Pleas) 


SENSITIVITY — VizJiem2 
s 


400 500 600 700 800 900 1000 
WAVELENGTH NANOMETERS 


Fig. 3. Typical Sensitivity vs Wavelength 
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The CCD (Charge Coupled Device) approach to linear image 
sensing will become the leading edge among industry methods 
because of process and performance advantages. 

Multiple-clock-electrode CCD processing methods have re- 
mained complex and difficult to implement in the manufacturing 
environment with any measure of cost/performance effectiveness 
... until now. 


The breakthrough: Now, Texas Instruments announces 
a breakthrough in CCD image sensor processing technology ... 
Virtual Phase (VP). 

This giant technological stride greatly simplifies the processing 
techniques by reducing the number of clock electrodes on the 
device surface to one (Fig. 1). Other techniques require any- 
where from two to three levels (Fig. 2). Additional benefits of this 
milestone process include simplified device operation and en- 
hanced device quality. 

Now, with just one level, the possibility of surface damage and 
shorts, common to the multilevel approach, is inherently reduced. 
So, the new Virtual Phase technology can boast the same degree 
of reliability as standard MOS technology. 


The benefits of this TIl-patented Virtual Phase technology are: 
Simplified clocking 

Lower noise/Higher dynamic range 

Greater sensitivity to light 

Ease of processing and use 

Greater stability 

Lower dark current 

Improved spectral response in the lower wave length (blue) 
regions (Fig. 3). 


Features: 

Virtual Phase N-Channel silicon MOS technology 

High spectral responsivity ... particularly in the blue region 
Approximately 1-V peak-to-peak output signal 

Dynamic range typically 1000:1 

End-of-sean signal 

Internal dark and white references 

Blemish-free uniformity of image 

Simple, stable operation 
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T0102 
128 x 1 CCD LINEAR IMAGE SENSOR 


02664, APRIL 1982—REVISED JULY 1989 


128 x 1 Sensor Element Organization 
CERAMIC DUAL-IN-LINE PACKAGE 


@ Virtual-Phase N-Channel Silicon MOS (TOP VIEW) 
Technology 
@ High Quantum Efficiency 
Vss 
@ Enhanced Blue Response 
@ Output Signal Approximately Vss 
1 Volt Peak-to-Peak 
@ Dynamic Range Relative to EOS 
Peak-to-Peak Noise Typically 1000:1 
End-of-Scan Signal RCK 
@ Internal Black and White References 
XCK 


Simple and Stable Operation 


Caution. These devices have limited built-in gate protection. The leads should be shorted together or the device 
placed in conductive foam during storage or handling to prevent electrostatic damage to the MOS gates. Avoid 
Ated shorting either OS or EOS to Vsg during operation to prevent damage to the output amplifiers. 


description 


The TC102, a 128-element CCD line image sensor, functions in high-resolution image scanning applications such as 
document reading and optical character recognition. The TC102 incorporates virtual-phase MOS technology, which 
provides simplified operation and high reliability. 


This device is supplied in a 10-pin dual-in-line ceramic side-braze package designed for insertion in mounting-hole rows 
on 7,6-mm (0.300-inch) centers. The glass window may be cleaned by wiping with a cotton swab soaked in alcohol. 


virtual-phase technology 


This patented design results in simplified clocking circuits, reduced noise, and greater light sensitivity. Virtual-phase 
technology utilizes a junction-gate region at the substrate dc potential. This accomplishes the same gating and 
transport function as a separate gate electrode requiring multiple layers and multiple process steps common in other 
device designs. The resulting simplicity of process and ease of operation will increase performance and reliability for 


the user. 
PRODUCTION DATA documents contain information 2 Copyright © 1989, Texas Instruments Incorporated 
Son the terms of Texas leoreneers TEXAS wy 
per 
warranty. Production processing does not 
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TC102 
128 x 1 CCD LINEAR IMAGE SENSOR 


functional block diagram 


TCK 


DARK CURRENT BUFFER CCD © VpD 


ODD PIXEL TRANSPORT CCD 


LINEAR 
PHOTOSITE 


EVEN PIXEL TRANSPORT CCD 


EOS + DARK CURRENT BUFFER CCD 


CHARGE 
DETECTOR 
é 4 , 4 OUTPUT 
WRCK xCK TCK Vss RcK AMPLIFIERS 
SUBSTRATE AND 
LIGHT SHIELD 


W= WHITE REFERENCE INPUT DIODE 
B = BLACK REFERENCE ELEMENT 
| = ISOLATION ELEMENT 


N = 128 SENSOR ELEMENTS 


PIN FUNCTIONAL DESCRIPTION 


PIN 
IN 


eee VREF Reference Voltage Bias input for the output amplifiers. 
| 2 {OS _[ Output Signal Video output from a cascaded source-follower MOS amplifier. 


Drives the CCD transport registers 
White Reference Clock Injects a controlled charge into the white reference CCD shift register 
inna elements to become white-reference and end-of-scan pulses. 


Controls the transfer of charge packets from sensor elements to shift 


registers. The interval between pulses of the transfer clock determines 


Transfer Clock 

the exposure time. 
Controls recharging of the charge-detection diodes in the output 
amplifiers, and clocks the output shift registers where the odd and 


7 RCK Reset Clock 
even signals have been merged. 


End-of-Scan Pulse Indicates that all charge packets have been shifted out of the 
transport registers. 


Vss All voltages are referenced to the substrate. 
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functional description 


image sensor elements 


The line of sensor elements (also called photosites or pixels) consists of 128 photo-sensitive areas, 12.7 microrheters 
(0.5 milliinches) square and approximately 12.7 micrometers from center to center. Image photons create 
electron-hole pairs in the single-crystal silicon. The electrons are collected in the sensor elements and the holes are 
swept into the substrate. The amount of charge accumulated in each element is a linear function of the incident light 
and the exposure time. The output signal charge will vary in an analog manner from a thermally generated noise 
background at zero illumination to a maximum at saturation under bright illumination. 


transfer gate 


This structure is adjacent to the line of image sensor elements. The charge packets accumulated in the image sensor 
elements are transferred into the transfer gate storage well when the transfer gate voltage goes high. When the 
transfer gate voltage goes low, the charge is transferred into the CCD transport shift registers. The transfer gate also 
controls the exposure time for the sensor elements and permits charges to enter the end-of-scan (EOS) shift registers 
to create the end-of-scan waveform. In addition, the transfer gate permits entry of charge packets to the transport 
CCD shift register to create the white reference signals. 


shift registers 


There are two CCD transport registers, one on each side of the line of image sensor elements and outside of the 
transfer gate. Alternate charge packets are transferred to the CCD transport shift registers and moved serially to the 
output amplifier. The phase relationship of the reset clock and the transport clock and the geometric layout of the 
paths provide for alternate delivery of charge packets to re-establish the original sequence of the linear image data. The 
two outer buffer CCD shift registers protect the signal charges in the inner transport CCD shift registers from 
peripherally generated dark current noise. 


black and white reference elements 


Four additional sensor elements at each end of the sensor element array (labelled ‘’B’’ in the block diagram) are covered 
by opaque metallization. They provide a black (no illumination) signal reference that is delivered at each end of the 
linear image output signal. Also included on the transport CCD shift register, at the opposite end from the amplifier, is 
an input diode that provides two white reference pulses in the output signal. The reference pulses are useful as inputs 
to external de restoration and/or automatic exposure control circuitry. The white reference pulse amplitude is 
approximately 70% of the maximum output signal amplitude. 


output signal amplifier 


The charge packets are transported to a precharge diode whose potential changes linearly in response to the amount of 
the signal charge delivered. This potential is applied to the input gate of an N-channel MOS double-source-follower 
amplifier to produce an output signal (OS). A reset transistor, driven by the reset clock (RCK), recharges the charge- 
detector-diode capacitance before the arrival of each new signal charge packet from the CCD shift registers. A 
reference voltage (VREF) is applied to the drain of the reset transistor and acts to bias the OS and EOS amplifiers. A 
current sink is used as an on-chip load for the amplifier output. No external current sink is needed. The output signal is a 
series of negative-going pulses on a dc level. 
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TC102 
128 x 1 CCD LINEAR IMAGE SENSOR 
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resolution 


The modulation transfer function decreases at longer wavelengths (see Figures 7 and 8). If optimum resolution is 
required with a light source that has a significant infrared component, then the designer must use appropriate filters to 
restrict the optical pass band to shorter wavelengths. 


end-of-scan amplifier 


The EOS amplifier is similar to the OS amplifier. XCK transfers charge from the input diode into the EOS register where 
it is transported at the TCK clock frequency to the EOS amplifier. This EOS pulse is coincident with the first of the two 
white reference pulses that pass through the odd and even transport CCDs, respectively. The EOS output can be used 
to alert the external circuitry that the linear image data readout has been completed. 


clocks 


The transfer clock (XCK) pulse controls the exposure time of the sensor elements. The minimum exposure time is the 
time required to shift the entire contents of the transport registers to the output signal amplifier and equals 161 
multiplied by the RCK period. The maximum exposure time is determined by the tolerable level of dark signal. 


The transport clock (TCK) transports the linear image signal charge from the sensor element region to the output 
amplifier. 


The reset clock (RCK) operates at twice the transport clock frequency so as to recombine the signal charge in the 
original sequence and present the charge to the output amplifier. The data rate is equal to the reset clock frequency. 


The white reference clock (WRCK) runs at the transfer clock frequency and generates the white reference and the end- 
of-scan pulses. These pulses can be eliminated by connecting WRCK to Vpp. Transients on WRCK going below zero 
volts will cause charge injection resulting in an increase in apparent dark signal. 


Figure 3 presents a suggested circuit for generating the clock waveforms. The RCK clock generator runs continuously. 
A binary divider halves the frequency to create TCK. After all signal charges have been transported to the output 
amplifier, TCK continues to run to keep thermally generated charges from accumulating in the transport registers. 


The XCK and WRCK clock frequencies are submultiples of the TCK frequency. Figure 2 details the timing relationships 
among the different clock pulses. 
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XCK | oe EXPOSURE TIME ——$_—_—_——_}| 
WRCK | | | 


ning bnbn bth | 
oe 1 


12 13 14 15 16 17 18 [19) 


EOS nung 
Output Signal (OS) pulse identification: 
| = Isolation pixel 
IP = Image pixel 
B = Black reference pixel 
W = White reference pixel 
X = Empty pixel 


FIGURE 1 — OPERATING INPUT AND OUTPUT VOLTAGE WAVEFORMS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) (see Note 1) 


Amplifier drain voltage (Vpp) 
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A. . Re eee ee eer Fer yr ee eee -—0.3Vto30V 
Amplifier ratereMGceMetsoe\VAEMUR 0s su.ui cin dn sda d a ad aque ere cie ab hones sabigin -0.3Vto30V 
THEDETEN COCKE CDEC IONE alte eke leans 519, 42:4 026 arm deaccrsnersatieanaanne teach cla ear aot. - -25Vto5V 
WIRERDOFECIOOKI GR IMONOEDY Keri t it .2 dhs Gu neeeteaa me et iat eee these scaaemas —-25Vto5V 
ROBRUGIOCK (CN MONMORI GD dus sickest dv nou aon nici imation sete EMME OG oe oe. -25Vto5V 
White reference Glia IMVRCK) Voltage fo. 5 oe. cs ccc ece on co GEDRPRRONMO NTS Liss cc cl cae amma -0.3Vto30V 
Storage tamipersuiemes stale esis re, gies x Mies srere tice eae eM ORMMON «cls cs -—25°C to 125°C 
Operating tres-ainteinperature: 2 tam. «is 5.5) ub +A oc A. ck... -—25°Cto 70°C 


NOTE 1: Voltage values are with respect to Vss- 


TEXAS % 2-9 
INSTRUMENTS 


POST OFFICE BOX 655303 - DALLAS, TEXAS 75265 


suoijouny woddng/siosuss abew] GoD HS) 


TC102 
128 x 1 CCD LINEAR IMAGE SENSOR 


recommended operating conditions at Ta = 25°C 


a ata nant SNE ISR eee IN NOM ___MAX | 
VREF Amplifier reference voltage 
VIH(X) Transfer clock high-level input voltage in 1 A si 
ViL(X) Transfer clock low-level input voltage =179 -16 —15 
ViH(T) Transport clock high-level input voltage ESS Sarr 


ViIL(T) Transport clock low-level input voltage 
VIHIR) Reset clock high-level input voltage LEE =3 = 2 ee 
VILIR) Reset clock low-level input voltage 
ViH(WR) White reference clock high-level input voltage iawn ones hn 20 4 
ViL(WR) White reference clock low-level input voltage 
fRCK Reset clock frequency (output data rate) 


o 
~“ 
@ 


i 
sv 
-« 

! 
a 

| 
a 


{The algebraic convention, where the most negative limit is designated as minimum, is used in this data sheet for clock voltage levels only. 


electrical characteristics at 25°C free-air temperature, fRCK = 0.5 MHz, texp = 10 ms, tungsten light 
source operating at color temperature of 2854 Kwith 2.0-mm-thick Fish-Schurman HA-11 IR-absorbing filter, 
and all operating voltages at nominal recommended values. 


PARAMETER 


MIN TYP MAX UNIT 


Se 


Average 


Low frequency component 


Dark-signal amplitude 
i e Nonuniformity relative to 


average of adjacent pixels 


Peak-to-peak 


Adjacent pixels from 


Sensitivity 


Output amplitude 
variation (PRNU)+ 


alternate registers (imbalance) 


Peak-to-peak noise 
Equivalent exposure § of peak-to-peak noise 


{e} 
0.3 
Saturation exposure § 
Saturation output amplitude 700 ta 
[Dynamic range relative to peakto-peaknoie’ —=S=S~=C~C“‘“‘CSCS™C™*C*~*d;CSOHN'”~SC~C*NOOOASSSC*sSCi‘C‘*S 
Charge transfer efficiency LEWC ar 
Fiat pe a 
End-of-scan amplitude BE a) a 


Output impedance rake” | 


nJ/em2 
nJ/em2 


1000 1400 


m 
m 
m 
m 


iV 
iV 
iV 
iV 
iV 
iV 


Resistance to Vss 


Transport gate 


Capacitance to Vgs 5 


5 10 
5 
7 
q 


Reset gate 


IREF Amplifier reference current 
Ipp Supply current 


Power dissipation 


Transport gate 
Reset gate 


t Dynamic range = saturation output amplitude/standard deviation peak-to-peak noise. 
+Measured at 700 mV output amplitude with an f/2.8 lens. 
S5Exposure = intensity x time 
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timing requirements 


Time delay from the transport clock rising 
edge to the transfer clock rising edge 


Time delay from the transport clock rising edge 


to the white reference clock falling edge 
Time delay from the transport clock rising 
edge to the reset clock rising edge 


Pulse duration of the high state for the reset 
clock 

Time delay from the transport clock falling 
edge to the transfer clock falling edge 

Time delay from the transport clock falling edge 
to the white reference clock rising edge 

Time delay from the transfer clock falling edge 
to the rising edge of the next transport clock 
pulse 

rise time (all clocks) 


fall time (all clocks) 


XCK 


pS tTHxH 


] 
WRCK | 
1 1 
1 \ 
! es. tTLWH 
TCK 
| 
tTHRH | 
l FP 4 ty (RH) 
RCK 


os 


! 
trex. | 
tra <—> eG 
| 


b> tae: <> rir 


BLACK REFERENCE LEVEL: 


De) 
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FIGURE 2 - DEVICE TIMING REQUIREMENTS 
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SN74LS626 SN7474 


vco () 


(1/2) TLD369 


(%)SN7400 Vect 


(%)SN74S74 
Veet 
(1/2) TLD369 
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tThis counter chain counts transport clock periods to generate the exposure time interval. The data rate is twice the count rate. 
Voc and Veg are the voltages that will produce the desired values of Vj} and Vj, respectively, at the RCK, XCK, and TCK inputs. 


FIGURE 3 — DRIVER CIRCUIT FOR TESTING LINE IMAGE SENSOR 


DEVICE 
UNDER TEST 


Vpp 


10k 


Skog 


O.1uF 


NOILVWWHOANI LNAWSYNSVAW YALAWVYVd 


ZOLOL 


YOSNIS JOVI YVINIT G99 | X< 82l 


TC102 
128 x 1 CCD LINEAR IMAGE SENSOR 
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FIGURE 4 — WAVEFORMS IN DRIVER CIRCUIT 


TYPICAL CHARACTERISTICS 


(In the circuit of Figure 3 with Ta = 25°C, facK = 0.5 MHz, texp = 10 ms, and all operating voltages at nominal 
recommended values, unless otherwise noted) 


SENSITIVITY RESPONSIVITY 
vs vs 
WAVELENGTH OF INCIDENT LIGHT WAVELENGTH OF INCIDENT LIGHT 
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>|8 > 
‘= ! 
= 
> = 
= 2 
= S 
> & 
5 rq 
= 100% quantum efficiency 
is 0.80657 A/W 
for A in um. 
“400 600 800 1000 1200 400 600 800 1000 1200 
Incident Wavelength — nm Incident Wavelength — nm 
FIGURE 5 FIGURE 6 
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TC102 
128 x 1 CCD LINEAR IMAGE SENSOR 


TYPICAL CHARACTERISTICS 


(In the circuit of Figure 3 with Ta = 25°C, fRCK = 0.5 MHz, texp = 10 ms, and all operating voltages at nominal 
recommended values, unless otherwise noted) 


MODULATION TRANSFER FUNCTION MODULATION TRANSFER FUNCTION 


vs vs 
SPATIAL FREQUENCY SPATIAL FREQUENCY 


Monochromatic Light 


MTF - Modulation Transfer Function 
MTF — Modulation Transfer Function 


0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0 

Normalized Spatial Frequency Normalized Spatial Frequency 
——————————————— ee ES eS a 
Oo 7.9 15.8 23.6 31,5 39.4 0 7.9, 15.8 23.6 31.5, 39.4 

Spatial Frequency — cycles/mm Spatial Frequency — cycles/mm 

FIGURE 7 FIGURE 8 
AVERAGE AND LOW-FREQUENCY OUTPUT SIGNAL VOLTAGE RELATIVE TO 
DARK SIGNAL SATURATED OUTPUT VOLTAGE 
vs vs 
EXPOSURE TIME EXPOSURE TIME 


Ee = 50 uW/cem2 


2854 K Light 
with HA-11 Filter 


Dark Signal — mV 


Ee = 2.5 uW/cem2 


Percentage of Saturated Output Voltage — % 


0 2 4 6 8 10 


texp — Exposure Time — ms texp — Exposure Time — ms 
FIGURE 9 FIGURE 10 
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MECHANICAL DATA 


12,83 (0.505) 
12,57 (0.495) 
3,81 (0.150) 
3,56 (0.140) 10 9 8 7 6 


0,81 (0.032)R NOM 


No. 1 SENSOR ELEMENT — 


5,82 (0.229) 
8,10 (0.319) 5,56 (0.219) 
7,75 (0.305) 


7.49 (0.295) 
7,24 (0.285) 


2,97 (0.117) 
— ,19 (0.047) MAX 2,36 ae 093) 


4,19 sntem 165) 
3,07 (0.121) 
— SEATING PLANE \ 
3,81 (0.150) 
3,05 (0.120) 


<i (0.019) 
P | 0,30 (0.012) 
0,25 (0.010) 1,42 (0.056) os (0.015) 
1,12 (0.044) 


2,54 (0.100) NOM 


NOTES: 1. All dimensions are in millimeters and parenthetically in inches, 


2. The distance between the top surface of the window and the surface of the sensor is nominally 0,89 (0.035). This is 


determined by observing the vertical motion of a microscope focused first at one plane, then at the other. 
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TC102-1 
128 x 1 CCD LINEAR IMAGE SENSOR 


D2664, DECEMBER 1983—REVISED JULY 1989 


@ 128 x 1 Sensor Element Organization CERAMIC DUAL-IN-LINE PACKAGE 


(TOP VIEW) 
Virtual-Phase N-Channel Silicon MOS 
Technology 


@ High Quantum Efficiency 
@ Enhanced Blue Response 


@ Output Signal Approximately 1 Volt 
Peak-to-Peak 


@ Dynamic Range Relative to 
Peak-to-Peak Noise Typically 1000:1 


End-of-Scan Signal 


Internal Black and White References 


NO 


Simple and Stable Operation 


Same as TC102 Except for ‘’White 
Reference Amplitude’’ and ‘‘’End-of-Scan 
Amplitude’ Specifications 


description 


The TC102-1, a 128-element CCD line image sensor, functions in high-resolution image scanning applications such 
as document reading and optical character recognition. The TC102-1 incorporates virtual-phase MOS technology, 
which provides simplified operation and high reliability. 


y Caution. These devices have limited built-in gate protection. The leads should be shorted together or the device 
placed in conductive foam during storage or handling to prevent electrostatic damage to the MOS gates. Avoid 
Ate® shorting either OS or EOS to Vss during operation to prevent damage to the output amplifiers. 


virtual phase technology 


This patented design results in simplified clocking circuits, reduced noise, and greater light sensitivity. Virtual-phase 
technology utilizes a junction-gate region at the substrate dc potential. This accomplishes the same gating and 
transport function as a separate gate electrode requiring multiple layers and multiple process steps common in other 
device designs. The resulting simplicity of process and ease of operation will increase performance and reliability for 
the user. 
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T€102-1 
128 x 1 CCD LINEAR IMAGE SENSOR 


functional block diagram 


TCK 


DARK CURRENT BUFFER CCD 


LINEAR 
PHOTOSITE 


EVEN PIXEL TRANSPORT CCD 


EOS + DARK CURRENT BUFFER CCD 


CHARGE 
DETECTOR 

4 4 4 OUTPUT 
WRCK XCK TCK Vss Rck AMPLIFIERS 


SUBSTRATE AND 
LIGHT SHIELD 


W = WHITE REFERENCE INPUT DIODE 
B = BLACK REFERENCE ELEMENT 
| = ISOLATION ELEMENT 


N = 128 SENSOR ELEMENTS 


PIN FUNCTIONAL DESCRIPTION 


PIN 
NUMBER 


SIGNATURE DESCRIPTION 


Bias input for the output amplifiers 


jutput Signal Video output from a cascaded source-follower MOS amplifier. 


Output amplifier supply voltage 
Injects a controlled charge into the white reference CCD shift register 
elements to become white-reference and end-of-scan pulses. 


Transfer Clock Controls the transfer of charge packets from sensor elements to shift 


registers. The interval between pulses of the transfer clock determines 


the exposure time. 


Reset Clock Controls recharging of the charge-detection diodes in the output 


amplifiers, and clocks the output shift registers where the odd and 


even signals have been merged. 


End-of-Scan Pulse Indicates that all charge packets have been shifted out of the 
transport registers. 


All veltages are referenced to the substrate. 


Substrate 
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TC102-1 
128 x 1 CCD LINEAR IMAGE SENSOR 


functional description 


image sensor elements 


The line of sensor elements (also called photosites or pixels) consists of 128 photo-sensitive areas, 12.7 micrometers 
(0.5 milliinches) square and approximately 12.7 micrometers from center to center. Image photons create 
electron-hole pairs in the single-crystal silicon. The electrons are collected in the sensor elements and the holes are 
swept into the substrate. The amount of charge accumulated in each element is a linear function of the incident light 
and the exposure time. The output signal charge will vary in an analog manner from a thermally generated noise 
background at zero illumination to a maximum at saturation under bright illumination. 


transfer gate 


shift 


This structure is adjacent to the line of image sensor elements. The charge packets accumulated in the image sensor 
elements are transferred into the transfer gate storage well when the transfer gate voltage goes high. When the 
transfer gate voltage goes low, the charge is transferred into the CCD transport shift registers. The transfer gate also 
controls the exposure time for the sensor elements and permits charges to enter the end-of-scan (EOS) shift registers 
to create the end-of-scan waveform. In addition, the transfer gate permits entry of charge packets to the transport 
CCD shift register to create the white reference signals. 


registers 


There are two CCD transport registers, one on each side of the line of image sensor elements and outside of the 
transfer gate. Alternate charge packets are transferred to the CCD transport shift registers and moved serially to the 
output amplifier. The phase relationship of the reset clock and the transport clock and the geometric layout of the 
paths provide for alternate delivery of charge packets to re-establish the original sequence of the linear image data. The 
two outer buffer CCD shift registers protect the signal charges in the inner transport CCD shift registers from 
peripherally generated dark current noise. 


black and white reference elements 


Four additional sensor elements at each end of the sensor element array (labelled ‘’B’’ in the block diagram) are covered 
by opaque metallization. They provide a black (no illumination) signal reference that is delivered at each end of the 
linear image output signal. Also included on the transport CCD shift register, at the opposite end from the amplifier, is 
an input diode that provides two white reference pulses in the output signal. The reference pulses are useful as inputs 
to external dc restoration and/or automatic exposure control circuitry. 


output signal amplifier 


The charge packets are transported to a precharge diode whose potential changes linearly in response to the amount of 
the signal charge delivered. This potential is applied to the input gate of an N-channel MOS double-source-follower 
amplifier to produce an output signal (OS). A reset transistor, driven by the reset clock (RCK), recharges the charge- 
detector-diode capacitance before the arrival of each new signal charge packet from the CCD shift registers. A 
reference voltage (VREF) is applied to the drain of the reset transistor and acts to bias the OS and EOS amplifiers. A 
current sink is used as an on-chip load for the amplifier output. No external current sink is needed. The output signal is a 
series of negative-going pulses on a dc level. 


NO 
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128 x 1 CCD LINEAR IMAGE SENSOR 


resolution 


The modulation transfer function decreases at longer wavelengths (see Figures 7 and 8). If optimum resolution is 
required with a light source that has a significant infrared component, then the designer must use appropriate filters to 
restrict the optical pass band to shorter wavelengths. 


end-of-scan amplifier 


) 


suoioun4y woddns/siosuas aebew] God 


The EOS amplifier is similar to the OS amplifier. XCK transfers charge from the input diode into the EOS register where 
it is transported at the TCK clock frequency to the EOS amplifier. This EOS pulse is coincident with the first of the two 
white reference pulses that pass through the odd and even transport CCDs, respectively. The EOS output can be used 
to alert the external circuitry that the linear image data readout has been completed. 


clocks 


The transfer clock (XCK) pulse controls the exposure time of the sensor elements. The minimum exposure time is the 
time required to shift the entire contents of the transport registers to the output signal amplifier and equals 161 
multiplied by the RCK period. The maximum exposure time is determined by the tolerable level of dark signal. 


The transport clock (TCK) transports the linear image signal charge from the sensor element region to the output 
amplifier. 


The reset clock (RCK) operates at twice the transport clock frequency so as to recombine the signal charge in the 
original sequence and present the charge to the output amplifier. The data rate is equal to the reset clock frequency. 


The white reference clock (WRCK) runs at the transfer clock frequency and generates the white reference and the end- 
of-scan pulses. These pulses can be eliminated by connecting WRCK to Vpp. Transients on WRCK going below zero 
volts will cause charge injection resulting in an increase in apparent dark signal. 


Figure 3 presents a suggested circuit for generating the clock waveforms. The RCK clock generator runs continuously. 
A binary divider halves the frequency to create TCK. After all signal charges have been transported to the output 
amplifier, TCK continues to run to keep thermally generated charges from accumulating in the transport registers. 


The XCK and WRCK clock frequencies are submultiples of the TCK frequency. Figure 2 details the timing relationships 
among the different clock pulses. 
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a ee 
WRCK | | | | 


NO 


Output Signal (OS) pulse identification: 


| = Isolation pixel 

1P = Image pixel 

B = Black reference pixel 
W = White reference pixel 
X = Empty pixel 


FIGURE 1 — OPERATING INPUT AND OUTPUT VOLTAGE WAVEFORMS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) (see Note 1) 
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TC102-1 
128 x 1 CCD LINEAR IMAGE SENSOR 


recommended operating conditions at Ta = 25°C 


Vpp Supply voltage 
VREF Amplifier reference voltage 6 
VIH(X) Transfer clock high-level input voltage 


VIL(X) Transfer clock low-level input voltage 


VIH(T) Transport clock high-level input voltage 


[Viniwr) White reference clock high-level inputvoltage SSCS 
ViL(WR) White reference clock low-level input voltage 
[ink Reset clock frequency output dateratg) PO 


{The algebraic convention, where the most negative limit is designated as minimum, is used in this data sheet for clock voltage levels only. 


electrical characteristics at 25°C free-air temperature, fRCK = 0.5 MHz, texp = 10 ms, tungsten light 
source operating at color temperature of 2854 Kwith 2.0-mm-thick Fish-Schurman HA-11 IR-absorbing filter, 
and all operating voltages at nominal recommended values. 


PARAMETER 
Average 


Low frequency component 
Dark-signal amplitude z. 2 2 


Nonuniformity relative to 
average of adjacent pixels 


Adjacent pixels from 


alternate registers (imbalance) 


Saturation output amplitude 700 


Dynamic range relative to peak-to-peak noise! 500:1 1000:1 
Charge transfer efficiency 0.99999 


White reference amplitude 


Output amplitude 
variation (PRNU)t 


End-of-scan amplitude 


Output offset (dc) voltage 


Output impedance 


Resistance to Vsg 


Reset gate 
Transfer gate 


IREF Amplifier reference current 


Capacitance to Vgg 


Ipp Supply current 
Power dissipation 


TDynamic range = saturation output amplitude/standard deviation peak-to-peak noise. 
+Measured at 700 mV output amplitude with an f/2.8 lens. 
SExposure = intensity x time 


we 
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timing requirements 


Time delay from the transport clock rising 
edge to the transfer clock rising edge 


Time delay from the transport clock rising edge 
to the white reference clock falling edge 


Time delay from the transport clock rising 
edge to the reset clock rising edge 

Pulse duration of the high state for the reset 
clock 


Time delay from the transport clock falling 
edge to the transfer clock falling edge 
Time delay from the transport clock falling edge 
to the white reference clock rising edge 
Time delay from the transfer clock falling edge 
tXLTH to the rising edge of the next transport clock 


pulse 
tr rise time (all clocks) 
tf fall time (all clocks) 
oe texn 

| 

| 

XCK ! 

| 


ie tTLWH 


TCK 


! | 
RCK 


CCD Image Sensors/Support Functions 


os 


BLACK REFERENCE LEVEL 


FIGURE 2 — DEVICE TIMING REQUIREMENTS 
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TThis counter chain counts transport clock periods to generate the exposure time interval. The data rate is twice the count rate. 
*Vec and Veg are the voltages that will produce the desired values of Vj} and Vj, respectively, at the RCK, XCK, and TCK inputs. 


FIGURE 3 — DRIVER CIRCUIT FOR TESTING LINE IMAGE SENSOR 
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TC102-1 
128 x 1 CCD LINEAR IMAGE SENSOR 


FIGURE 4 — WAVEFORMS IN DRIVER CIRCUIT 


TYPICAL CHARACTERISTICS 


(In the circuit of Figure 3 with Ta = 25°C, fRCK = 0.5 MHz, texp = 10 ms, and all operating voltages at nominal 
recommended values, unless otherwise noted) 


SENSITIVITY 
vs 
WAVELENGTH OF INCIDENT LIGHT 


nd 
— 


“400 600 800 1000 1200 
Incident Wavelength — nm 


FIGURE 5 


Responsivity — A/W 
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vs 
WAVELENGTH OF INCIDENT LIGHT 


100% quantum efficie 
is 0.80657 A/W 
for A in um. 
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FIGURE 6 
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TC102-1 
128 x 1 CCD LINEAR IMAGE SENSOR 


TYPICAL CHARACTERISTICS 


(In the circuit of Figure 3 with Ta = 25°C, frck = 0.5 MHz, texp = 10 ms, and all operating voltages at nominal 
recommended values, unless otherwise noted) 


MODULATION TRANSFER FUNCTION MODULATION TRANSFER FUNCTION 
vs vs 
SPATIAL FREQUENCY SPATIAL FREQUENCY 


= 400 to 700 nm 


x 
=e 


id 
& 


° 
ro) 


S 
5 


Monochromatic Light 


0.2 


MTF - Modulation Transfer Function 
MTF — Modulation Transfer Function 


te) 0 
fe) 0.2 0.4 0.6 0.8 1.0 0) 0.2 0.4 0.6 0.8 1.0 
Normalized Spatial Frequency Normalized Spatial Frequency 
nS ET 
C) 7.9 158 236 31.5 39.4 oO 7.9 158 236 31.5 39.4 
Spatial Frequency — cycles/mm Spatial Frequency — cycles/mm 
FIGURE 7 FIGURE 8 
AVERAGE AND LOW-FREQUENCY OUTPUT SIGNAL VOLTAGE RELATIVE TO 
DARK SIGNAL SATURATED OUTPUT VOLTAGE 
vs vs 
EXPOSURE TIME EXPOSURE TIME 


100 


2854 K Light 
with HA-11 Filter 


Dark Signal — mV 


Percentage of Saturated Output Voltage — % 


0 
0 2 4 6 8 10 
texp — Exposure Time — ms texp — Exposure Time — ms 
FIGURE 9 FIGURE 10 
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TC102-1 
128 x 1 CCD LINEAR IMAGE SENSOR 


NOTE: 


MECHANICAL DATA 


12,83 (0.505) 
12,57 (0.495) 
3,81 (0.150) 
3,56 (0.140) 10 9 8 7 6 


0,81 (0.032)R NOM 


NO 


No. 1 SENSOR ELEMENT — 


1,42 (0.056) 


1,12 (0.044) 
2,54 (0.100) NOM 


The distance between the top surface of the window and the surface of the sensor is nominally 0,89 (0.035). This is determined by observing the 
vertical motion of a microscope focused first at one plane, then at the other. 


” 
5 
5,82 (0.229) S 
8,10 (0.319) 5,56 (0.219) Oo 
7,75 (0.305) c 
Ss 
7.49 (0.295) LL 
20 (6-266) 2,97 (0.117) = 
|<@— 1,19 (0.047) MAX 2,36 Ree. 093) fo) 
Qa 
[oe 
ES 
4,19 oe ee 165) 72) 
3,07 (0.121) o 
— SEATING PLANE t ro) 
3,81 (0.150) ” 
3.05 (0.120) & 
” 
0,30 (0.012) ue FO oet 
> 0.25 (0.010) <3 38 (0.015) © 
Ho 
E 
a 
oO 
oO 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICLALY IN INCHES 
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TC103 
2048 x 1 CCD LINEAR IMAGE SENSOR 


02686, FEBRUARY 1983—REVISED JULY 1989 


@ 2048 x 1 Sensor Element Organization TC103 . . . DUAL-IN-LINE PACKAGE 
© Virtual-Phase N-Channel Silicon MOS COE NIEN 
Technology 


High Quantum Efficiency 
Enhanced Blue Response 


@ Output Signal Approximately 
1.0 Volt Peak-to-Peak 


@ Dynamic Range Relative to 
Peak-to-Peak Noise Typically 1000:1 


End-of-Scan Signal 


Internal Black and White References 


NO 


Simple and Stable Operation 


OPTIONAL FEATURE: 
Internal Reference Voltage 


NC — No internal connection 


description 


The TC103, a 2048-element CCD line image sensor, functions in high-resolution image scanning applications such as 
facsimile and optical character recognition. The TC 103 incorporates virtual-phase MOS technology, which provides 
simplified operation and high reliability. The 2048 sensor elements provide 8 points-per-millimeter resolution across 
256 millimeters. 


This device is supplied in a 24-pin dual-in-line ceramic side-braze package designed for insertion in mounting-hole rows 
on 15,2-mm (0,600-inch) centers. The glass window may be cleaned by wiping with a cotton swab soaked in alcohol. 


Caution. These devices have limited built-in gate protection. The leads should be shorted together or the device 
placed in conductive foam during storage or handling to prevent electrostatic damage to the MOS gates. Avoid 
Ata ‘shorting either OS or EOS to Vgg during operation to prevent damage to the amplifiers. 
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virtual phase technology 


This patented design results in simplified clocking circuits, reduced noise, and greater light sensitivity. The virtual 
phase utilizes a junction-gate region at the substrate dc potential. This accomplishes the same gating and transport 
function as a separate gate electrode requiring multiple layers and multiple process steps common in other device 
designs. The resulting simplicity of process and ease of operation will increase performance and reliability for the user. 


PRODUCTION DATA documents contain information 


e Copyright © 1989, Texas Instruments Incorporated 
rest as of penlbetos date. Loosiaeg conform ls Ud 
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TC103 
2048 x 1 CCD LINEAR IMAGE SENSOR 


functional block diagram 
TCK 


DARK CURRENT BUFFER CCD 


VOLTAGE INT 
a ODD PIXEL TRANSPORT CCD REF 
LINEAR 
PHOTOSITE os 
°VDD 
o VREF 
EOS + DARK CURRENT BUFFER CCD © EOS 
CHARGE 
DETECTOR 
4 4 b OUTPUT 
WRCK XCK TCK Vss Rck AMPLIFIERS 
SUBSTRATE AND 
LIGHT SHIELD 


W = WHITE REFERENCE INPUT DIODE 
BLACK REFERENCE ELEMENT 

| = ISOLATION ELEMENT 

N = 2048 SENSOR ELEMENTS 


a 
" 


PIN FUNCTIONAL DESCRIPTION 


PIN 


NUMBER SIGNATURE DESCRIPTION 


VREF Reference Voltage Bias input for the output amplifiers and internal reference. 
Video output from a cascaded source-follower MOS amplifier. 


6, 7, 8, 9, 16 


17, 18, 19, 20 No internal connection. 


Transport Clock Drives the CCD transport registers. 
White Reference Injects a controlled charge into the white reference CCD shift register 
Clock elements to become white-reference and end-of-scan pulses. 


Transfer Clock Controls the transfer of charge packets from sensor elements to shift 
registers. The interval between pulses of the transfer clock determines the 
- exposure time. 


Reset Clock Controls recharging of the charge-detection diodes in the output 


amplifiers, and clocks the output shift registers where the odd and even 
signals have been merged. 


Indicates that all charge packets have been shifted out of the transport 
registers. 


End-of-Scan Pulse 
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functional description 


image sensor elements 


The line of sensor elements (also called photosites or pixels) consists of 2048 photo-sensitive areas, 12,7 
micrometers (0.5 milliinches) square and approximately 12,7 micrometers from center to center. Image photons 
create electron/hole pairs in the single-crystal silicon. The electrons are collected in the sensor elements, and the holes 
are swept into the substrate. The amount of charge accumulated in each element is a linear function of the incident 
light and the exposure time. The output signal charge will vary in an analog manner from a thermally generated noise 
background at zero illumination to a maximum at saturation under bright illumination. 


transfer gate 


This structure is adjacent to the line of image sensor elements. The charge packets accumulated in the image sensor 
elements are transferred into the transfer gate storage well when the transfer gate voltage goes high. When the 
transfer gate voltage goes low, the charge is transferred into the CCD transport shift registers. The transfer gate also 
controls the exposure time for the sensor elements and permits charges to enter the end-of-scan (EOS) shift registers 
to create the end-of-scan waveform. In addition, the transfer gate permits entry of charge packets to the transport 
CCD shift register to create the white reference signals. 


NO 


shift registers 


There are two CCD transport registers, one on each side of the line of image sensor elements and outside of the 
transfer gate. Alternate charge packets are transferred to the CCD transport shift registers and moved serially to the 
output amplifier. The phase relationship of the reset clock and the transport clock and the geometric layout of the 
paths provide for alternate delivery of charge packets to re-establish the original sequence of the linear image data. The 
two outer buffer CCD shift registers protect the signal charges in the inner transport CCD shift registers from 
peripherally generated dark current noise. 


black and white reference elements 


Four additional sensor elements at each end of the sensor element array (labelled ‘’B’’ in the block diagram) are covered 
by opaque metallization. They provide a black (no illumination) signal reference that is delivered at each end of the 
linear image output signal. Also included on the transport CCD shift register, at the opposite end from the amplifier, is 
an input diode that provides two white reference pulses in the output signal. The reference pulses are useful as inputs 
to external dc restoration and/or automatic exposure control circuitry. The white reference pulse amplitude is 
approximately 70% of the maximum output signal amplitude. 


output signal amplifier 


The charge packets are transported to a precharge diode whose potential changes linearly in response to the amount of 
the signal charge delivered. This potential is applied to the input gate of an N-channel MOS double-source-follower 
amplifier to produce an output signal (OS). A reset transistor, driven by the reset clock (RCK), recharges the charge- 
detector-diode capacitance before the arrival of each new signal charge packet from the CCD shift registers. Reference 
voltage (VpREF) is applied to the drain of the reset transistor and acts to bias the OS and EOS amplifiers. A current sink 
is used as an on-chip load for the amplifier output, so no external current sink is needed. The output signal on pin 2 is a 
series of negative-going pulses on a dc level. 
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internal reference voltage 


An internal reference voltage (INT REF) is available on the chip to provide the VpEF voltage. The required connections 
appear in Figure 3. If the internal reference voltage is not used, an external voltage is connected directly to pin 1. Pin 5 
is then left unconnected. 
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resolution 


The modulation transfer function decreases at longer wavelengths. (See Figures 7 and 8.) If optimum resolution is 
required with a light source that has a significant infrared component, then the designer must use appropriate filters to 
restrict the optical pass band to shorter wavelengths. 


end-of-scan amplifier 


The EOS amplifier is similar to the OS amplifier. XCK transfers charge from the input diode into the EOS register where 
it is transported at the TCK clock frequency to the EOS amplifier. This EOS pulse is coincident with the first of the two 
white reference pulses that pass through the odd and even transport CCDs, respectively. The EOS output can be used 
to alert the external circuitry that the linear image data readout has been completed. 


clocks 


The transfer clock (XCK) pulse controls the exposure time of the sensor elements. The minimum exposure time is 
the time required to shift the entire contents of the transport registers to the output signal amplifier and equals 2081 
multiplied by the RCK period. The maximum exposure time is determined by the tolerable level of dark signal. 


Le) 


The transport clock (TCK) transports the linear image signal charge from the sensor element region to the output amplifier. 


The reset clock (RCK) operates at twice the transport clock frequency so as to recombine the signal charge in the 
original sequence and present the charge to the output amplifier. The data rate is equal to the reset clock frequency. 


The white reference clock (WRCK) runs at the transfer clock frequency and generates the white reference and the 
end-of-scan pulses. These pulses can be eliminated by connecting WRCK to Vpp. Transients on WRCK going below 
zero volts will cause charge injection resulting in an increase in apparent dark signal. 


Figure 3 presents a suggested circuit for generating the clock waveforms. The RCK clock generator runs continuously. 
A binary divider halves the frequency to create TCK. After all signal charges have been transported to the output 
amplifier, TCK continues to run to keep thermally generated charges from accumulating in the transport registers. 


The XCK and WRCK clock frequencies are submultiples of the TCK frequency. Figure 2 details the timing relationships 
among the different clock pulses. 
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Output Signal (OS) pulse identification: | = isolation pixel, IP = Image pixel, B = Black reference pixel, WR = White reference pixel, X = empty pixel. 


FIGURE 1—OPERATING INPUT AND OUTPUT VOLTAGE WAVEFORMS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
(see Note 1) 


AMpiilior GN MAMGRAV ODT Ss Br ONT EET ETSI Oe Ea D Opals # oes eee -0.3 V to 30 V 
Franarer- Clock (RG) WNEO aT OS Swe ee ee ee Tee eal Lee -25Vto5V 
Trangport clock (TEK).Netage- cee cere ee TSS TT EES EE DEAE Te ee -25Vto5V 
Reset clock: (ROK) Gig <s-eserereettrs Ses SSS ES IT OP Oe De a ee eee -25Vto5V 
White. reference-clock 1WRGK) voltage ts ois 6 eo ere Oe le wee -—0.3 V to 30 V 
Storage temperatures ewes-oeesars Sees oo ee SS EOC CEN Ee Te Dee eee eee ely —25°C to 125°C 
Operating free-ail tenperetulie— “ane or ree ORE TT TT ee eee Ue ee ee es =25°C to 70°C 


recommended operating conditions at Ta = 25°C (see Note 1) 


Vppb Amplifier supply voltage 13 14 15 
VIH(X) Transfer clock high-level input voltage 

ViL(x) Transfer clock low-level input voltage 

VIHIT) Transport clock high-level input voltage 


ViL(T) Transport clock low-level input voltage —15t 


VIH(R) Reset clock high-level input voltage 3 


ViIL(R) Reset clock low-level input voltage —15t 
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ViH(WR) White reference clock high-level input voltage 


VIL(WR) White reference clock low-level input voltage 6 7 8 
fRCK Reset clock frequency (output data rate) 10 


The algebraic convention, where the most negative limit is designated as minimum, is used in this data sheet for clock voltage levels only. 
NOTE 1: Voltage values are with respect to Vgs. 
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electrical characteristics at 25°C free-air temperature! 


PARAMETER 
Dark-signal amplitude - z Z te 
Nonuniformity relative to 
average of adjacent pixels 
Peak-to-peak 
a ae ee 


variation (PRNU)? Adjacent pixels from 
alternate registers (imbalance) 


Peak-to-peak noise 
Equivalent exposure 8 of peak-to-peak noise 


Saturation exposure? 
Saturation output amplitude 


MIN TY! 


: 


mV 


fo} 
a 
= 
° 


af 
< 


¥000 
700051 rie 
sreres: 


0.99999 


500 


8 


3} 3 
8 


Dynamic range relative to peak-to-peak noiset 
Charge transfer efficiency 

White reference amplitude 

End-of-scan amplitude 

Output offset (dc) voltage 

Output impedance 


8 


Transfer gate 
Resistance to Vss Transport gate 

Reset gate 
Amplifier reference voltage, VReF 

Transfer gate 
Capacitance to Vsg Transport gate 

Reset gate 


Amplifier supply current 
Total power dissipation 


Tt Dynamic range = saturation output amplitude/standard deviation peak-to-peak noise. 

+Measured at 700 mV output amplitude with an f/2.8 lens. 

SExposure = intensity x time 

{Test conditions are frck = 0.5 MHz, texp = 10 ms, tungsten light source operating at color temperature of 2854 K with 2.0-mm-thick Fish-Schurman 
HA-11 IR-absorbing filter, and all operating voltages at nominal recommended values using the internal reference voltage. 


=| 
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timing requirements 


Time delay from the transport clock rising 

edge to the transfer clock rising edge. je | 

Time delay from the transport clock rising edge 

to the white reference clock falling edge. | ne | 

Time delay from the transport clock rising 

edge to the reset clock rising edge. | ne | 

Pulse duration of the high state for the reset 

clock. Ee 

Time delay from the transport clock falling 

edge to the transfer clock falling edge. | ne | 

Time delay from the transport clock falling edge 

to the white reference clock rising edge. | ne | 

Time delay from the transfer clock falling edge 

to the rising edge of the next transport clock 

pulse. 

rise time (all clocks) | ons | 
ed 


NO 


fall time (all clocks) 


> 

! 

i} 

xCK | 
1 

! 

> 


RCK 
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FIGURE 2—DEVICE TIMING REQUIREMENTS 
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| 
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tThis counter chain counts transport clock periods to generate the exposure time interval. The data rate is twice the count rate. 
*Vec and Veg are the voltages that will produce the desired values of Vj}, and Vj,, respectively, at the RCK, XCK, and TCK inputs. 


FIGURE 3—DRIVER CIRCUIT FOR TESTING IMAGE SENSOR 
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FIGURE 4 — WAVEFORMS IN DRIVER CIRCUIT 


TYPICAL CHARACTERISTICS 


(In the circuit of Figure 3 with Ta = 25°C, fRCcK = 0.5 MHz, texp = 10 ms, and all operating voltages at nominal recom- 
mended values, unless otherwise noted) 


SENSITIVITY RESPONSIVITY 
vs 
WAVELENGTH OF INCIDENT LIGHT 
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¥ 
= 
>|s z 
= | 
| 2 
= 2 
= 2 
= 3 
oa Qa 
3 3 
= 100% quantum efficiency 
is 0.80657 A/W 
for A in um. 
0.1 0.01 
400 600 800 1000 1200 400 600 800 1000 1200 
Incident Wavelength — nm Incident Wavelength — nm 
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TYPICAL CHARACTERISTICS 
(In the circuit of Figure 3 with Ta = 25°C, frck = 0.5 MHz, texp = 10 ms, and all operating voltages at nominal recom- 
mended values, unless otherwise noted) 


Ee eee MODULATION TRANSFER FUNCTION 


vs 
vs 


SPATIAL FREQUENCY SPATIAL FREQUENCY 


0.8 


4 
ror) 


S 
> 


S 
nN 


MTF — Modulation Transfer Function 
MTF — Modulation Transfer Function 


Oo 0 
ie) 0.2 0.4 _ 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0 
Normalized Spatial Frequency Normalized Spatial Frequency 
ees Gee ee (= 1 Se el aes 
i) 7.9 15.8 23.6 31.5 39.4 0 79 158 236 31.5 “39.4 
Spatial Frequency — cycles/mm Spatial Frequency — cycles/mm 
FIGURE 7 FIGURE 8 
AVERAGE AND LOW FREQUENCY OUTPUT SIGNAL VOLTAGE RELATIVE TO 
DARK SIGNAL SATURATED OUTPUT VOLTAGE 
vs vs 
EXPOSURE TIME EXPOSURE TIME 


100 


Ee = 50 uW/cem2 


80 


2854 K Light 
with HA-11 Filter 


60 


40 


Dark Signal — mV 


20 


Ee = 2.5 uW/em2 


Percentage of Saturated Output Voltage — % 


ie) 
texp — Exposure Time — ms texp — Exposure Time — ms 
FIGURE 9 FIGURE 10 
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MECHANICAL DATA 


34,90 (1.374) 
7,62 (0.300) en 
37 (0.290) 


0,81 (0.032) R 
NOM 


No.1 SENSOR ELEMENT 


1 
x ‘ 
q 


62 (0.182) 
37 (0.172) 
15,80 (0.622) 
15,29 (0.602) 
2,97 (0.117) 
15,19 (0.598) 4,19 (0.165) 2,36 (0.093) 


14,78 (0.582 3,07 (0.127) | Sip wis 19 (0.047) MAX : ; 


kaa 0,30 (0.012) 0,48 (0.019) 
0,25 (0.010) 3,81 (0. ot Tae 0,38 (0.015) 
3,05 (0.120) 2,54 (0.100) NOM 


3,45 (0.136) 
3,15 (0.124) 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES. 


NOTE 1: The distance between the top surface of the window and the surface of the sensor is nominally 0,89 (0.035). This is determined 
by observing the vertical motion of a microscope focused first at one plane, then at the other. 
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D2686, DECEMBER 1983—REVISED JULY 1989 


2048 x 1 Sensor Element Organization TC103 . . . DUAL-IN-LINE PACKAGE 


(TOP VIEW) 
@ Virtual-Phase N-Channel Silicon MOS 
Technology 


@® High Quantum Efficiency 
Enhanced Blue Response 


Output Signal Approximately 1.0 Volt 
Peak-to-Peak 


Dynamic Range Relative to 
Peak-to-Peak Noise Typically 1000:1 


End-of-Scan Signal 


Internal Black and White References 


NO 


Simple and Stable Operation 


OPTIONAL FEATURE: 
Internal Reference Voltage 


Same as TC103 Except for ‘‘White 
Reference Amplitude’’ and ‘‘End-of-Scan 
Amplitude’’ Specifications 


NC — No internal connection 


description 


The TC103-1, a 2048-element CCD line image sensor, functions in high-resolution image scanning applications such 
as facsimile and optical character recognition. The TC 103-1 incorporates virtual-phase MOS technology, which provides 
simplified operation and high reliability. The 2048 sensor elements provide a 8-points-per-inch resolution across 256 
millimeters. 


This device is supplied in a 24-pin dual-in-line ceramic side-braze package designed for insertion in mounting-hole rows 
on 15,2-mm (0,600-inch) centers. The glass window may be cleaned by wiping with a cotton swab soaked in alcohol. 


Caution. These devices have limited built-in gate protection. The leads should be shorted together or the device 
CN placed in conductive foam during storage or handling to prevent electrostatic damage to the MOS gates. Avoid 
Ata shorting either OS or EOS to Vsg during operation to prevent damage to the amplifiers. 


virtual phase technology 


This patented design results in simplified clocking circuits, reduced noise, and greater light sensitivity. The virtual 
phase utilizes a junction-gate region at the substrate dc potential. This accomplishes the same gating and transport 
function as a separate gate electrode requiring multiple layers and multiple process steps common in other device 
designs. The resulting simplicity of process and ease of operation will increase performance and reliability for the user. 
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functional block diagram 
TCK 


DARK CURRENT BUFFER CCD 


ODD PIXEL TRANSPORT CCD wah 
Sane | aa Ry, I coe, 
LINEAR SS Gee a a: SE aE 
morose BPEL UT Wr TTT leer os 
ee) Ee es oe Pee es SE eS 
VoD 
VREF 
EOS + DARK CURRENT BUFFER CCD ° EOS 


CHARGE 
DETECTOR 

: 4 , 4 OUTPUT 
WRCK XCK TCK Vss RcK AMPLIFIERS 


SUBSTRATE AND 


LIGHT SHIELD 
W = WHITE REFERENCE INPUT DIODE 


B = BLACK REFERENCE ELEMENT 
1 = ISOLATION ELEMENT 
N = 2048 SENSOR ELEMENTS 


PIN FUNCTIONAL DESCRIPTION 


PIN 
TI 


Cea eee Reference Voltage | Bias input for the output amplifiers and internal reference. 
Pia Gees Output Signal Video output from a cascaded source-follower MOS amplifier. 
Le aiainbig Rin aches: 192) Supply Voltage Output amplifier supply voltage. 


4, 10, 15, 23, 
24 Vv Substrate All voltages are referenced to the substrate. 


Transport Clock Drives the CCD transport registers. 
White Reference Injects a controlled charge into the white reference CCD shift register 
Clock elements to become white-reference and end-of-scan pulses. 


Transfer Clock Controls the transfer of charge packets from sensor elements to shift 
registers. The interval between pulses of the transfer clock determines the 
exposure time. 


Reset Clock Controls recharging of the charge-detection diodes in the output 
amplifiers, and clocks the output shift registers where the odd and even 
signals have been merged. 


Indicates that all charge packets have been shifted out of the transport 
End-of-Scan Pulse a 
registers. 
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functional description 


image sensor elements 


The line of sensor elements (also called photosites or pixels) consists of 2048 photo-sensitive areas, 12,7 
micrometers (0.5 milliinches) square and approximately 12,7 micrometers from center to center. Image photons 
create electron/hole pairs in the single-crystal silicon. The electrons are collected in the sensor elements, and the holes 
are swept into the substrate. The amount of charge accumulated in each element is a linear function of the incident 
light and the exposure time. The output signal charge will vary in an analog manner from a thermally generated noise 
background at zero illumination to a maximum at saturation under bright illumination. 


transfer gate 


This structure is adjacent to the line of image sensor elements. The charge packets accumulated in the image sensor 
elements are transferred into the transfer gate storage well when the transfer gate voltage goes high. When the 
transfer gate voltage goes low, the charge is transferred into the CCD transport shift registers. The transfer gate also 
controls the exposure time for the sensor elements and permits charges to enter the end-of-scan (EOS) shift registers 
to create the end-of-scan waveform. In addition, the transfer gate permits entry of charge packets to the transport 
CCD shift register to create the white reference signals. 


NO 


shift registers 


There are two CCD transport registers, one on each side of the line of image sensor elements and outside of the 
transfer gate. Alternate charge packets are transferred to the CCD transport shift registers and moved serially to the 
output amplifier. The phase relationship of the reset clock and the transport clock and the geometric layout of the 
paths provide for alternate delivery of charge packets to re-establish the original sequence of the linear image data. The 
two outer buffer CCD shift registers protect the signal charges in the inner transport CCD shift registers from 
peripherally generated dark current noise. 


black and white reference elements 


Four additional sensor elements at each end of the sensor element array (labelled ‘’B’’ in the block diagram) are covered 
by opaque metallization. They provide a black (no illumination) signal reference that is delivered at each end of the 
linear image output signal. Also included on the transport CCD shift register, at the opposite end from the amplifier, is 
an input diode that provides two white reference pulses in the output signal. The reference pulses are useful as inputs 
to external dc restoration and/or automatic exposure control circuitry. 


output signal amplifier 


The charge packets are transported to a precharge diode whose potential changes linearly in response to the amount of 
the signal charge delivered. This potential is applied to the input gate of an N-channel MOS double-source-follower 
amplifier to produce an output signal (OS). A reset transistor, driven by the reset clock (RCK), recharges the charge- 
detector-diode capacitance before the arrival of each new signal charge packet from the CCD shift registers. Reference 
voltage (VR_EF) is applied to the drain of the reset transistor and acts to bias the OS and EOS amplifiers. A current sink 
is used as an on-chip load for the amplifier output, so no external current sink is needed. The output signal on pin 2 isa 
series of negative-going pulses on a dc level. 
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internal reference voltage 


An internal reference voltage (INT REF) is available on the chip to provide the VpgF voltage. The required connections 
appear in Figure 3. If the internal reference voltage is not used, an external voltage is connected directly to pin 1. Pin 5 
is then left unconnected. 
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resolution 


The modulation transfer function decreases at longer wavelengths. (See Figures 7 and 8.) If optimum resolution is 
required with a light source that has a significant infrared component, then the designer must use appropriate filters to 
restrict the optical pass band to shorter wavelengths. 


end-of-scan amplifier 


The EOS amplifier is similar to the OS amplifier. XCK transfers charge from the input diode into the EOS register where 
it is transported at the TCK clock frequency to the EOS amplifier. This EOS pulse is coincident with the first of the two 
white reference pulses that pass through the odd and even transport CCDs, respectively. The EOS output can be used 
to alert the external circuitry that the linear image data readout has been completed. 


clocks 


The transfer clock (XCK) pulse controls the exposure time of the sensor elements. The minimum exposure time is 
the time required to shift the entire contents of the transport registers to the output signal amplifier and equals 2081 
multiplied by the RCK period. The maximum exposure time is determined by the tolerable level of dark signal. 


The transport clock (TCK) transports the linear image signal charge from the sensor element region to the output amplifier. 


The reset clock (RCK) operates at twice the transport clock frequency so as to recombine the signal charge in the 
original sequence and present the charge to the output amplifier. The data rate is equal to the reset clock frequency. 


The white reference clock (WRCK) runs at the transfer clock frequency and generates the white reference and the 
end-of-scan pulses. These pulses can be eliminated by connecting WRCK to Vpp. Transients on WRCK going below 
zero volts will cause charge injection resulting in an increase in apparent dark signal. 


Figure 3 presents a suggested circuit for generating the clock waveforms. The RCK clock generator runs continuously. 
A binary divider halves the frequency to create TCK. After all signal charges have been transported to the output 
amplifier, TCK continues to run to keep thermally generated charges from accumulating in the transport registers. 


The XCK and WRCK clock frequencies are submultiples of the TCK frequency. Figure 2 details the timing relationships 
among the different clock pulses. 
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Output Signal (OS) pulse identification: | = isolation pixel, IP = Image pixel, B = Black reference pixel, WR = White reference pixel, X = empty pixel. 


FIGURE 1—OPERATING INPUT AND OUTPUT VOLTAGE WAVEFORMS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
(see Note 1) 


Anigiver det va Irons Tee. ec eke ee at re ce oe tank ease. -0.3 V to 30 V 
Vietister cleck(ae ee i Se ee oe ee cc Cua Te: Tee ek oe =25 V to SV 
UE af Wy naa a Ergo wear co smErSCIm ears cans Heme, an Si re -25Vto5V 
ee i, NES Weer ere BAIR tr Sa rare Lyre 7 at 7: -25Vto5V 
White referarica tings (WHCK) WonsuG "<-->" oc. ss coe oe et Oo ce ccc crs rate te oneigm -0.3 V to 30 V 
Stoeger taiponniMnn eo ek ene oe eee aie ee Dee teen ot ae =25°C to 125°C 
CSVSET TIRES TONNERPEIL ase sce eke ccs ie comers siete state s create etiersic ee ae =25°C to’ 70°C 


recommended operating conditions at Ta = 25°C (see Note 1) 


Amplifier supply voltage 
Transfer clock high-level input voltage 


Transport clock low-level input voltage 


Reset clock high-level input voltage 
Reset clock low-level input voltage 
White reference clock high-level input voltage 
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tThe algebraic convention, where the most negative limit is designated as minimum, is used in this data sheet for clock voltage levels only. 
NOTE 1: Voltage values are with respect to Vss- 
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electrical characteristics at 25°C free-air temperature 1 


MAX UNIT 
Average 


: i Low frequency component 
Dark-signal amplitude - - - 
Nonuniformity relative to mV 


average of adjacent pixels 
Sensitivity 


Peak-to-peak 
Adjacent pixels from 
alternate registers (imbalance) 


Output amplitude 
variation (PRNU)* 


Peak-to-peak noise 
Equivalent exposure $ of peak-to-peak noise 
Saturation exposure 


Dynamic range relative to peak-to-peak noiset 500:1 1000:1 


Charge transfer efficiency 0.99999 
White reference amplitude 


End-of-scan amplitude 
Output offset (dc) voltage 


Output impedance 


Transfer gate 


Resistance to Vsg 


Amplifier reference voltage, VReF 
Transfer gate 


Capacitance to Vsg 


Reset gate 


Amplifier supply current 


Total power dissipation 


t Dynamic range = saturation output amplitude/standard deviation peak-to-peak noise. 

+Measured at 700 mV output amplitude with an f/2.8 lens. 

SExposure = intensity x time 

{Test conditions are frck = 0.5 MHz, texp = 10 ms, tungsten light source operating at color temperature of 2854 K with 2.0-mm-thick Fish-Schurman 
HA-11 IR-absorbing filter, and all operating voltages at nominal recommended values using the internal reference voltage. 
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timing requirements 


Time delay from the transport clock rising 
edge to the transfer clock rising edge. 
Time delay from the transport clock rising edge 


to the white reference clock falling edge. 


Time delay from the transport clock rising 
edge to the reset clock rising edge. 

Pulse duration of the high state for the reset 
clock. 


Time delay from the transport clock falling 
edge to the transfer clock falling edge. 


Time delay from the transport clock falling edge 


to the white reference clock rising edge. 

Time delay from the transfer clock falling edge 
to the rising edge of the next transport clock 
pulse. 


tise time (all clocks) 
fall time (all clocks) 
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FIGURE 2—DEVICE TIMING REQUIREMENTS 
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This counter chain counts transport clock periods to generate the exposure time interval. The data rate is twice the count rate. 
*Vec and Veg are the voltages that will produce the desired values of Vj} and Vj,, respectively, at the RCK, XCK, and TCK inputs. 


FIGURE 3—DRIVER CIRCUIT FOR TESTING IMAGE SENSOR 
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FIGURE 4 — WAVEFORMS IN DRIVER CIRCUIT 


TYPICAL CHARACTERISTICS 


(In the circuit of Figure 3 with Ta = 25°C, facK = 0.5 MHz, texp = 10 ms, and all operating voltages at nominal recom- 
mended values, unless otherwise noted) 


SENSITIVITY RESPONSIVITY 
vs 
WAVELENGTH OF INCIDENT LIGHT 
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100% quantum efficie 
is 0.80657A A/W 
for Xin um. 
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TYPICAL CHARACTERISTICS 
(In the circuit of Figure 3 with Ta = 25°C, fpck = 0.5 MHz, texp = 10 ms, and all operating voltages at nominal recom- 
mended values, unless otherwise noted) 


MODULATION TRANSFER FUNCTION MODULATION TRANSFER FUNCTION 
vs vs 
SPATIAL FREQUENCY SPATIAL FREQUENCY 


= 400 to 700 nm 


ma 


0.8 ~ re 
Ege 


i= 
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° 
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MTF — Modulation Transfer Function 


0 
if 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0 
Normalized Spatial Frequency Normalized Spatial Frequency 
l 1 j a coe 1 = ees ee 
fo) 7.9 15.8 23.6 31.5 39.4 0 79 15.8 23.6 31.5 39.4 


. S | F ~ 
Spatial Frequency — cycles/mm patie) Hrecuency: —evcies/inm 


FIGURE 7 FIGURE 8 
AVERAGE AND LOW FREQUENCY OUTPUT SIGNAL VOLTAGE RELATIVE TO 
DARK SIGNAL SATURATED OUTPUT VOLTAGE 
vs vs 
EXPOSURE TIME EXPOSURE TIME 


Dark Signal — mV 


Percentage of Saturated Output Voltage — % 


texp — Exposure Time — ms texp — Exposure Time — ms 


FIGURE 9 FIGURE 10 
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No. 1 SENSOR ELEMENT 


15,80 (0.622) 
15,29 (0.602) 


15,19 (0.598) 
14,78 (0.582) 


a 


— 0,30 (0.012) 


0,25 (0.010) 


NOTE: The distance between the top surface of the window and the surface of the sensor is nominally 0.89 (0.035). This is determined by observing the 


MECHANICAL DATA 


34,90 (1.374) 
7,62 (0.300) 34,19 (1.346) 
7,37 (0.290) 


0.81 (0.032) R 
NOM 


1 


: a 4,62 (0.182) 
4,37 (0.172) 
4,19 (0.165) 


3,07 (0.121) i Po 1,19 (0.047) MAX 


SEATING PLANE + 
3,81 (0.150) L_ 
3,05 (0.120) 2,54 (0.100) NOM 


3,05 (0.120) 
3,45 (0.136) 
3,15 (0.124) 


vertical motion of a microscope focused first at one plane, then at the other. 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


234 5 6 7 8 9 1011 12 


2,97 (0.117) 
2,36 (0.093) 


ey ee 
—— 


0,48 (0.019) 
0,38 (0.015) 
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TC104 
3456 x 1 CCD LINEAR IMAGE SENSOR 


D2687, FEBRUARY 1983—REVISED JULY 1989 


@ 3456 x 1 Sensor Element Organization TC104 . . . DUAL-IN-LINE PACKAGE 
(TOP VIEW) 
@ Virtual-Phase N-Channel Silicon MOS 


Technology 
@ High Quantum Efficiency 
@ Enhanced Blue Response 


@ Output Signal Approximately 
0.6 Volt Peak-to-Peak 


@ Dynamic Range Relative to 
Peak-to-Peak Noise Typically 1000:1 


End-of-Scan Signal 


NO 


Internal Black and White References 


Simple and Stable Operation 


OPTIONAL FEATURE: 
Internal Reference Voltage 


description NC — No internal connection. 


The TC104, a 3456-element CCD line image sensor, functions in high-resolution image scanning applications such 
as document reading and optical character recognition. The TC 104 incorporates virtual-phase MOS technology, which 
provides simplified operation and high reliability. The 3456 sensor elements provide 400 points-per-inch resolution 
across 8.5 inches. 


This device is supplied in a 24-pin dual-in-line ceramic side-braze package designed for insertion in mounting-hole rows 
on 15.2-mm (0,600-inch) centers. The glass window may be cleaned by wiping with a cotton swab soaked in alcohol. 


y Caution. These devices have limited built-in gate protection. The leads should be shorted together or the device 
nN placed in conductive foam during storage or handling to prevent electrostatic damage to the MOS gates. Avoid 
Ata shorting either OS or EOS to Vss during operation to prevent damage to the amplifiers. 
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virtual phase technology 


This patented design results in simplified clocking circuits, reduced noise, and greater light sensitivity. The virtual 
phase utilizes a junction-gate region at the substrate dc potential. This accomplishes the same gating and¢transport 
function as a separate gate electrode requiring multiple layers and multiple process steps common in other device 
designs. The resulting simplicity of process and ease of operation will increase performance and reliability for the user. 


Copyright © 1989, Texas Instruments Incorporated 
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3456 x 1 CCD LINEAR IMAGE SENSOR 


functional block diagram 
TCK 


DARK CURRENT BUFFER CCD 


ODD PIXEL TRANSPORT CCD 


VOLTAGE 
REGULATOR 


LINEAR 
PHOTOSITE 


EOS + DARK CURRENT BUFFER CCD 


CHARGE 

DETECTOR 
: 4 , 4 OUTPUT 
WRCK XCK TCK Vss RcK AMPLIFIERS 


SUBSTRATE AND 
LIGHT SHIELD 


W =WHITE REFERENCE INPUT DIODE 
B =BLACK REFERENCE ELEMENT 

1 =ISOLATION ELEMENT 

N = 3456 SENSOR ELEMENTS 


PIN FUNCTIONAL DESCRIPTION 


FN SIGNATURE DESCRIPTION 
NUMBER 


VREF Reference Voltage | Bias input for the output amplifiers and internal reference. 
Output Signal Video output from a cascaded source-follower MOS amplifier. 


Supply Voltage Output amplifier supply voltage. 


4, 10, 15,23, 


ner Fee SET INT REF Internal Reference | Potential derived internally for operational reference voltage 


irda BiB fs pwsntepranfns etsee ston No internal connection 
Drives the CCD transport registers. 

Injects a controlled charge into the white reference CCD shift register 
elements to become white-reference and end-of-scan pulses. 
Controls the transfer of charge packets from sensor elements to shift 

Transfer Clock registers. The interval between pulses of the transfer clock determines the 
exposure time. 
Controls recharging of the charge-detection diodes in the output 

Reset Clock amplifiers, and clocks the output shift registers where the odd and even 
signals have been merged. 


Indicates that all charge packets have been shifted out of the transport 
End-of-Scan Pulse 


registers. 


2-54 TEXAS % 
INSTRUMENTS 


POST OFFICE BOX 655303 - DALLAS, TEXAS 75265 


TC104 
3456 x 1 CCD LINEAR IMAGE SENSOR 


functional description 


image sensor elements 


The line of sensor elements (also called photosites or pixels) consists of 3456 photo-sensitive areas, 10,7 
micrometers (0.42 milliinches) square and approximately 10,7 micrometers from center to center. Image photons 
create electron/hole pairs in the single-crystal silicon. The electrons are collected in the sensor elements, and the holes 
are swept into the substrate. The amount of charge accumulated in each element is a linear function of the incident 
light and the exposure time. The output signal charge will vary in an analog manner from a thermally generated noise 
background at zero illumination to a maximum at saturation under bright illumination. 


transfer gate 


This structure is adjacent to the line of image sensor elements. The charge packets accumulated in the image sensor 
elements are transferred into the transfer gate storage well when the transfer gate voltage goes high. When the 
transfer gate voltage goes low, the charge is transferred into the CCD transport shift registers. The transfer gate also 
controls the exposure time for the sensor elements and permits charges to enter the end-of-scan (EOS) shift registers 
to create the end-of-scan waveform. In addition, the transfer gate permits entry of charge packets to the transport 
CCD shift register to create the white reference signals. 


NO 


shift registers 


There are two CCD transport registers, one on each side of the line of image sensor elements and outside of the 
transfer gate. Alternate charge packets are transferred to the CCD transport shift registers and moved serially to the 
output amplifier. The phase relationship of the reset clock and the transport clock and the geometric layout of the 
paths provide for alternate delivery of charge packets to re-establish the original sequence of the linear image data. The 
two outer buffer CCD shift registers protect the signal charges in the inner transport CCD shift registers from 
peripherally generated dark current noise. 


black and white reference elements 


Four additional sensor elements at each end of the sensor element array (labelled ‘‘B’’ in the block diagram) are covered 
by opaque metallization. They provide a black (no illumination) signal reference that is delivered at each end of the 
linear image output signal. Also included on the transport CCD shift register, at the opposite end from the amplifier, is 
an input diode that provides two white reference pulses in the output signal. The reference pulses are useful as inputs 
to external dc restoration and/or automatic exposure control circuitry. The white reference pulse amplitude is 
approximately 100% of the maximum output signal amplitude. 


output signal amplifier 


The charge packets are transported to a precharge diode whose potential changes linearly in response to the amount of 
the signal charge delivered. This potential is applied to the input gate of an N-channel MOS double-source-follower 
amplifier to produce an output signal (OS). A reset transistor, driven by the reset clock (RCK), recharges the charge- 
detector-diode capacitance before the arrival of each new signal charge packet from the CCD shift registers. Reference 
voltage (Vref) is applied to the drain of the reset transistor and acts to bias the OS and EOS amplifiers. A current sink 
is used as an on-chip load for the amplifier output, so no external current sink is needed. The output signal on pin 2 isa 
series of negative-going pulses on a dc level. 


CCD Image Sensors/Support Functions 


internal reference voltage 


An internal reference voltage (INT REF) is available on the chip to provide the Vref voltage. The required connections 


appear in Figure 3. If the internal reference voltage is not used, an external voltage is connected directly to pin 1. Pin 5 
is then left unconnected. 
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ee SE SS SS ee 2 oe ee ee eee 
resolution 


The modulation transfer function decreases at longer wavelengths. (See Figures 7 and 8.) If optimum resolution is 
required with a light source that has a significant infrared component, then the designer must use appropriate filters to 
restrict the optical pass band to shorter wavelengths. 


end-of-scan amplifier 


The EOS amplifier is similar to the OS amplifier. XCK transfers charge from the input diode into the EOS register where 
it is transported at the TCK clock frequency to the EOS amplifier. This EOS pulse is coincident with the first of the two 
white reference pulses that pass through the odd and even transport CCDs, respectively. The EOS output can be used 
to alert the external circuitry that the linear image data readout has been completed. 


clocks 


The transfer clock (XCK) pulse controls the exposure time of the sensor elements. The minimum exposure time is the 
time required to shift the entire contents of the transport registers to the output signal amplifier and equals 3489 
multiplied by the RCK period. The maximum exposure time is determined by the tolerable level of dark signal. 


The transport clock (TCK) transports the linear image signal charge from the sensor element region to the output 
amplifier. 


The reset clock (RCK) operates at twice the transport clock frequency so as to recombine the signal charge in the 
original sequence and present the charge to the output amplifier. The data rate is equal to the reset clock frequency. 


The white reference clock (WRCK) runs at the transfer clock frequency and generates the white reference and the end- 
of-scan pulses. These pulses can be eliminated by connecting WRCK to Vpp. Transients on WRCK going below zero 
volts will cause charge injection resulting in an increase in apparent dark signal. 


Figure 3 presents a suggested circuit for generating the clock waveforms. The RCK clock generator runs continuously. 
A binary divider halves the frequency to create TCK. After all signal charges have been transported to the output 
amplifier, TCK continues to run to keep thermally generated charges from accumulating in the transport registers. 


The XCK and WRCK clock frequencies are submultiples of the TCK frequency. Figure 2 details the timing relationships 
among the different clock pulses. 
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xCK - EXPOSURE TIME a Teo aE g | 


nin BRB BRB! Intnl 
a 1 12: 13:14 «15 «16 «17 +18 [19 
1p 
1?) 1p 
po oe 
EOS 1_n_ny, 
Output Signal (OS) pulse identification: | = Isolation pixel, IP = Image pixel, B = Black reference pixel, WR = White reference pixel, X = empty pixel. 


FIGURE 1—OPERATING INPUT AND OUTPUT VOLTAGE WAVEFORMS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
(see Note 1) 


Aunpitier Gran Va) I cae ec ee oe ene ct e+ tpereyeiitarg off ss sles s —0.3 V to 30 V 
ETARIOREN CLO COMMaRSIMMENCEINER se tyasracecate so Spc, es ep a tet Ria base hee ln) On EERE CD oa, m9. oo, -25VtoSV 
iP Pariapne ClOCR CCR NEES reese het wake a ce ope erasn wor Ole Rima n Aone) «Sr MeO 6 tippmeenns « =25 V to.5 V 
Messe HOEK (REM Vem Cec st ce aon oe on cen a gia CEeGeeeE ag soars co es -25Vto5V 
White FETerenice Cl6GikgVnOCK) VOllGGe |... >... ss cc es pcan © y eppumpereumanmay¥ cece sisie es -—0.3 V to 30 V 
MLOFERIS UNE eae cae ts is ee sete ferns aoe tate epee eine art meena Bice sh 6 —25°C to 125°C 
peratiray Wueca IeipMoUdIe sey are cet ee ee na ce ete a ae een ae Tne oe tie —25°C to 70°C 


NOTE 1: Voltage values are with respect to Vgs. 


recommended operating conditions at Ta = 25°C (see Note 1) 


Amplifier supply voltage 
Transfer clock high-level input voltage 
Transfer clock low-level input voltage 


Transport clock high-level input voltage 


CCD Image Sensors/Support Functions 


ViH(WR) White reference clock high-level input voltage Di hak ae 
VIL(WR) White reference clock low-level input voltage 


TThe algebraic convention, where the most negative limit is designated as minimum, is used in this data sheet for clock voltage levels only. 
NOTE 1: Voltage values are with respect to Vgs. 
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electrical characteristics at 25°C free-air temperature { 


PARAMETER MIN 


Average 


Low frequency component 


Nonuniformity relative to 
average of adjacent pixels 


3 


Dark-signal amplitude 


ry 


Sensitivity 


Peak-to-peak 
Dust angina 


Adjacent pixels from 


1.4 


DS 
a 
= 
q 
° 
3 
— 


variation (PRNU) + 


alternate registers (imbalance) 
Peak-to-peak noise 
Equivalent exposure§ of peak-to-peak noise 


w 
fo} 
Q 
g 
< 


Saturation exposure§ 
Saturation output amplitude 00 
Dynamic range relative to peak-to-peak noise t 500:1 1000:1 ze 


hoz 


> 

So 

°o 

=) 

8 

i=) °o 
> 
c 
= 
Q 
i 
Nn 


0.98989 
Resistance to Vss 700 pe | 
indi 


os 
fo} 
o 
Q 
°o 
oO 
3 
< 


x 
: 


70 
Transfer gate 


T Dynamic range = saturation output amplitude/standard deviation peak-to-peak noise. 

+Measured at 400 mV output amplitude with an f/2.8 lens. 

SExposure = intensity x time 

‘Test conditions are fack = 0.5 MHz, texp = 10 ms, tungsten light source operating at color temperature of 2854 K with 2.0-mm-thick Fish-Schurman 
HA-11 IR-absorbing filter, and all operating voltages at nominal recommended values using the internal reference voltage. 


Capacitance to Vss 


vv 
ish 
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timing requirements 


Time delay from the transport clock rising 


t 
THXH edge to the transfer clock rising edge. 


Time delay from the transport clock rising edge 
to the white reference clock falling edge. 


Time delay from the transport clock rising 
edge to the reset clock rising edge. 


Pulse duration of the high state for the reset 
clock. 


Time delay from the transport clock falling 
edge to the transfer clock falling edge. 


Time delay from the transport clock falling edge 
to the white reference clock rising edge. 


Time delay from the transfer clock falling edge 
to the rising edge of the next transport clock 
pulse. 


Rise time (all clocks) 
Fall time (all clocks) 


XCK 
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1 

| 
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= 


TCK 
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FIGURE 2— DEVICE TIMING REQUIREMENTS 
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DEVICE 
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(%)SN7400 Vect 


5kQ: 


(%)SN7400 
Veet 
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COUNTER CHAINt 


ee Oa SS ST 


COUNTER COUNTER 
SN74LS193 SN74LS193 
(MSB) 


COUNTER 
SN74LS193 
(LSB) 


SWITCH ‘SWITCH SWITCH 
Ls =f ® .- © test ots 


tThis counter chain counts transport clock periods to generate the exposure time interval. The data rate is twice the count rate. 
+Vc¢ and Veg are the voltages that will produce the desired values of Vj} and Vj,, respectively, at the RCK, XCK, and TCK inputs. 


FIGURE 3—DRIVER CIRCUIT FOR TESTING IMAGE SENSOR 
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FIGURE 4 — WAVEFORMS IN DRIVER CIRCUIT 


TYPICAL CHARACTERISTICS 


(In the circuit of Figure 3 with Ta = 25°C, fRCK = 0.5 MHz, texp = 10 ms, and all operating voltages at nominal recom- 
mended values, unless otherwise noted) 


SENSITIVITY RESPONSIVITY 
vs vs 
WAVELENGTH OF INCIDENT LIGHT WAVELENGTH OF INCIDENT LIGHT 
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0.4 © 
3 ¢ 100% quantum efficiency 
is 0.80657A A/W 
for A in um. 
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TYPICAL CHARACTERISTICS 


(In the circuit of Figure 3. with Ta = 25°C, fRCK = 0.5 MHz, texp = 10 ms, and all operating voltages at nominal recom- 
mended values, unless otherwise noted) 


MODULATION TRANSFER FUNCTION MODULATION TRANSFER FUNCTION 
= vs 
SPATIAL FREQUENCY SPATIAL FREQUENCY 
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MTF — Modulation Transfer Function 
MTF — Modulation Transfer Function 
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FIGURE 7 FIGURE 8 
AVERAGE AND LOW FREQUENCY OUTPUT SIGNAL VOLTAGE RELATIVE TO 
DARK SIGNAL SATURATED OUTPUT VOLTAGE 
vs vs 
EXPOSURE TIME EXPOSURE TIME 


Ee = 50 upW/cm2 


2854 K Light Ee = 25 uW/cem2 
with HA-11 Filter 


suoi9uny ywoddns/siosuas abew) qQ9 B®) 


> 
oO 


Dark Signal — mV 


Percentage of Saturated Output Voltage — % 
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MECHANICAL DATA 


45,67 (1.798) 
7,62 (0. 7.62(0:300 44,75 (1.762) 
2019 18 17 1615141 


12345678 9101112 


0,81 (0.032) R 
NOM 


No.1 SENSOR ELEMENT 


<q 4,50 (0.177) 
<H 2 
15,80 (0.622) 
15,29 (0.602) 
2,97 (0.117) 
15,19 (0.598) 4,19 (0.165) 2,36 (0.093) 


3,07 (0.127) YS foal ‘edi (0.047) MAX 


14,78 (0.582) 
, ia PLANE f J "tit J rf q i J - A 
—rlf— 93010.012) f - >l|<— 9.42(0.019) 
3.81(0.150) | | 
2,54 (0.100) NOM 


8.79 (0.346) 
8,48 (0.334) 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES. 


NOTE 1: The distance between the top surface of the window and the surface of the sensor is nominally 0,89 (0.035). This is determined by observing the 
vertical motion of a microscope focused first at one plane, then at the other. 
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TC104-1 
3456 x 1 CCD LINEAR IMAGE SENSOR 


D2687, DECEMBER 1983—REVISED JULY 1989 


3465 x 1 Sensor Element Organization TC104.. . DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


Virtual-Phase N-Channel Silicon MOS 
Technology 


@ High Quantum Efficiency 
Enhanced Blue Response 


@ Output Signal Approximately 0.6 Volt 
Peak-to-Peak 


Dynamic Range Relative to 
Peak-to-Peak Noise Typically 1000:1 


End-of-Scan Signal 


Internal Black and White References 


Ls) 


Simple and Stable Operation 


OPTIONAL FEATURE: 
Internal Reference Voltage 


@® Same as TC104 Except for ‘White 
Reference Amplitude’’ and ‘‘End-of-Scan 
Amplitude’ Specifications 


NC — No internal connection. 
description 


The TC104-1, a 3456-element CCD line image sensor, functions in high-resolution image scanning applications such 
as document reading and optical character recognition. The TC 104-1 incorporates virtual-phase MOS technology, 
which provides simplified operation and high reliability. The 3456 sensor elements provide 400 points-per-inch resolution 
across 8.5 inches. 


This device is supplied in a 24-pin dual-in-line ceramic side-braze package designed for insertion in mounting-hole rows 
on 15.2-mm (0,600-inch) centers. The glass window may be cleaned by wiping with a cotton swab soaked in alcohol. 


Caution. These devices have limited built-in gate protection. The leads should be shorted together or the device 
RN placed in conductive form during storage or handling to prevent electrostatic damage to the MOS gates. Avoid 
Ata shorting either OS or EOS to Vss during operation to prevent damage to the amplifiers. 
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virtual phase technology 


This patented design results in simplified clocking circuits, reduced noise, and greater light sensitivity. The virtual 
phase utilizes a junction-gate region at the substrate dc potential. This accomplishes the same gating and transport 
function as a separate gate electrode requiring multiple layers and multiple process steps common in other device 
designs. The resulting simplicity of process and ease of operation will increase performance and reliability for the user. 
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functional block diagram 
TCK 


DARK CURRENT BUFFER CCD 


ODD PIXEL TRANSPORT CCD 


VOLTAGE 
REGULATOR 


LINEAR 
PHOTOSITE 


EVEN PIXEL TRANSPORT CCD 


EOS + DARK CURRENT BUFFER CCD 


CHARGE 
DETECTOR 

° : é 4 OUTPUT 
WRCK xCK Tk Vss Rck AMPLIFIERS 


SUBSTRATE AND 
LIGHT SHIELD 


W = WHITE REFERENCE INPUT DIODE 
B =BLACK REFERENCE ELEMENT 

| =ISOLATION ELEMENT 

N =3456 SENSOR ELEMENTS 


PIN FUNCTIONAL DESCRIPTION 


SIGNATURE | name | DESCRIPTION 


VREF Reference Voltage | Bias input for the output amplifiers and internal reference. 
POS Bil Output Signal Video output from a cascaded source-follower MOS amplifier. 
| Voo | upply Voltage Output amplifier supply voltage. 


4, 10, 15, 23, : 
24 Vs: All voltages are referenced to the substrate. 


INT REF Internal Reference | Potential derived internally for operational reference voltage. 


Vpb 
S 
6, 7,.8, 9, 16 ss 
NC No internal connection. 
17, 18, 19, 20 
Transport Clock Drives the CCD transport registers. 


WRCK White Reference Injects a controlled charge into the white reference CCD shift register 
Clock elements to become white-reference and end-of-scan pulses. 


Controls the transfer of charge packets from sensor elements to shift 
registers. The interval between pulses of the transfer clock determines the 


XCK Transfer Clock 


exposure time. 


Controls recharging of the charge-detection diodes in the output 
21 RCK Reset Clock amplifiers, and clocks the output shift registers where the odd and even 
signals have been merged. 


Indicates that all charge packets have been shifted out of the transport 
22 End-of-Scan Pulse ie 
registers. 
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functional description 


image sensor elements 


The line of sensor elements (also called photosites or pixels) consists of 3456 photo-sensitive areas, 10,7 
micrometers (0.42 milliinches) square and approximately 10,7 micrometers from center to center. Image photons 
create electron/hole pairs in the single-crystal silicon. The electrons are collected in the sensor elements, and the holes 
are swept into the substrate. The amount of charge accumulated in each element is a linear function of the incident 
light and the exposure time. The output signal charge will vary in an analog manner from a thermally generated noise 
background at zero illumination to a maximum at saturation under bright illumination. 


transfer gate 


This structure is adjacent to the line of image sensor elements. The charge packets accumulated in the image sensor 
elements are transferred into the transfer gate storage well when the transfer gate voltage goes high. When the 
transfer gate voltage goes low, the charge is transferred into the CCD transport shift registers. The transfer gate also 
controls the exposure time for the sensor elements and permits charges to enter the end-of-scan (EOS) shift registers 
to create the end-of-scan waveform. In addition, the transfer gate permits entry of charge packets to the transport 
CCD shift register to create the white reference signals. 


NO 


shift registers 


There are two CCD transport registers, one on each side of the line of image sensor elements and outside of the 
transfer gate. Alternate charge packets are transferred to the CCD transport shift registers and moved serially to the 
output amplifier. The phase relationship of the reset clock and the transport clock and the geometric layout of the 
paths provide for alternate delivery of charge packets to re-establish the original sequence of the linear image data. The 
two outer buffer CCD shift registers protect the signal charges in the inner transport CCD shift registers from 
peripherally generated dark current noise. 


black and white reference elements 


Four additional sensor elements at each end of the sensor element array (labelled ‘’B’’ in the block diagram) are covered 
by opaque metallization. They provide a black (no illumination) signal reference that is delivered at each end of the 
linear image output signal. Also included on the transport CCD shift register, at the opposite end from the amplifier, is 
an input diode that provides two white reference pulses in the output signal. The reference pulses are useful as inputs 
to external dc restoration and/or automatic exposure control circuitry. 


output signal amplifier 


The charge packets are transported to a precharge diode whose potential changes linearly in response to the amount of 
the signal charge delivered. This potential is applied to the input gate of an N-channel MOS double-source-follower 
amplifier to produce an output signal (OS). A reset transistor, driven by the reset clock (RCK), recharges the charge- 
detector-diode capacitance before the arrival of each new signal charge packet from the CCD shift registers. Reference 
voltage (VR_F) is applied to the drain of the reset transistor and acts to bias the OS and EOS amplifiers. A current sink 
is used as an on-chip load for the amplifier output, so no external current sink is needed. The output signal on pin 2 is a 
series of negative-going pulses on a dc level. 
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internal reference voltage 


An internal reference voltage (INT REF) is available on the chip to provide the Vpgf voltage. The required connections 
appear in Figure 3. If the internal reference voltage is not used, an external voltage is connected directly to pin 1. Pin 5 
is then left unconnected. 
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resolution 


The modulation transfer function decreases at longer wavelengths. (See Figures 7 and 8.) If optimum resolution is 
required with a light source that has a significant infrared component, then the designer must use appropriate filters to 
restrict the optical pass band to shorter wavelengths. 


end-of-scan amplifier 


The EOS amplifier is similar to the OS amplifier. XCK transfers charge from the input diode into the EOS register where 
it is transported at the TCK clock frequency to the EOS amplifier. This EOS pulse is coincident with the first of the two 
white reference pulses that pass through the odd and even transport CCDs, respectively. The EOS output can be used 
to alert the external circuitry that the linear image data readout has been completed. 


clocks 


The transfer clock (XCK) pulse controls the exposure time of the sensor elements. The minimum exposure time is the 
time required to shift the entire contents of the transport registers to the output signal amplifier and equals 3489 
multiplied by the RCK period. The maximum exposure time is determined by the tolerable level of dark signal. 


The transport clock (TCK) transports the linear image signal charge from the sensor element region to the output 
amplifier. 


The reset clock (RCK) operates at twice the transport clock frequency so as to recombine the signal charge in the 
original sequence and present the charge to the output amplifier. The data rate is equal to the reset clock frequency. 


The white reference clock (WRCK) runs at the transfer clock frequency and generates the white reference and the end- 
of-scan pulses. These pulses can be eliminated by connecting WRCK to Vpp. Transients on WRCK going below zero 
volts will cause charge injection resulting in an increase in apparent dark signal. 


Figure 3 presents a suggested circuit for generating the clock waveforms. The RCK clock generator runs continuously. 
A binary divider halves the frequency to create TCK. After all signal charges have been transported to the output 
amplifier, TCK continues to run to keep thermally generated charges from accumulating in the transport registers. 


The XCK and WRCK clock frequencies are submultiples of the TCK frequency. Figure 2 details the timing relationships 
among the different clock pulses. 


wi 
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os x BnA8nA8RA8,! J 1 ' 
1 12 13 14 «15 16 17 18 fis 
we} Lp 
7 2 
Eos LAY, 
Output Signal (OS) pulse identification: | = Isolation pixel, IP = Image pixel, B = Black reference pixel, WR = White reference pixel, X = empty pixel. 
FIGURE 1— OPERATING INPUT AND OUTPUT VOLTAGE WAVEFORMS 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 
(see Note 1) 
Amplifier. drain vottage.(M gg iy) — te sesienssicg rere sense erie arlene teat aE ERNIE Es OTT RTING ITT -—0.3 V to 30 V 
Transter. clock (XC) VaR cs gsciterats Grea ees rere SN DME WEEE TTT eee eee —-25Vto5V 
Transport clock (ECK)-Voltage . - cviitawninns ris ere ere eee OEE EE EEE SEI ee oy -25Vto5V 
Reset: clock: (ROK) VORB mnie csi enim e ole eet een ER ee OS HITE Ee -25Vto5V 
White! reference. clock: (WRCK). voltage... ce ee ae S TET NTT T TE Fee —0.3 V to 30 V 
StOFAGS. TEMPALATEO Gdn cee—estinereier eter eee ree Ie 8 HONS METERS IN IIRUMIR NG REMIT 6 — 25°C to 125°C 
Operating free-air t6miperauire = ...- <6. ss bee smrap eran a owe wane eae Tees; wrs —25°C to 70°C 


NOTE 1: Voltage values are with respect to Vss.- 


recommended operating conditions at Ta = 25°C (see Note 1) 


tThe algebraic convention, where the most negative limit is designated as minimum, is used in this data sheet for clock voltage levels only. 
NOTE 1: Voltage values are with respect to Vgs. 
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electrical characteristics at 25°C free-air temperature { 


PARAMETER 


Average 


Low frequency component 
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Dark-signal amplitude 


Sensitivity 


Peak-to-peak 
Ne at aE ae 


arr. Adjacent pixels from 
variation (PRNU)+ fe : 
alternate registers (imbalance) 


; nJ/em2 
200 ne 


Saturation output amplitude 400 600 1200 mV 
Dynamic range relative to peak-to-peak noise t 500:1 1000:1 


Charge transfer efficiency 0.99999 
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Resistance to Vsg 700 
Reset gate 700 
Amplifier reference voltage, VReF 7 
Transfer gate 400 


Capacitance to Vsg 


Reset gate 


v 
+= 


Amplifier supply current 
Total power dissipation 


3 


= 
> 


t Dynamic range = saturation output amplitude/standard deviation peak-to-peak noise. 

+Measured at 400 mV output amplitude with an f/2.8 lens. 

SExposure = intensity x time 

{Test conditions are fack = 0.5 MHz, texp = 10 ms, tungsten light source operating at color temperature of 2854 K with 2.0-mm-thick Fish-Schurman 
HA-11 IR-absorbing filter, and all operating voltages at nominal recommended values using the internal reference voltage. 
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timing requirements 


Time delay from the transport clock rising 
edge to the transfer clock rising edge. 


Time delay from the transport clock rising edge 
to the white reference clock falling edge. 


Time delay from the transport clock rising 
edge to the reset clock rising edge. 


Pulse duration of the high state for the reset 
clock. 

Time delay from the transport clock falling 
edge to the transfer clock falling edge. 


Time delay from the transport clock falling edge 
to the white reference clock rising edge. 


Time delay from the transfer clock falling edge 
to the rising edge of the next transport clock 


pulse. 


Rise time (all clocks) 


Fall time (all clocks) 
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FIGURE 2—DEVICE TIMING REQUIREMENTS 
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FREQ 
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DEVICE 
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(1/2) TLO369 
(%)SN7400 Veet 
5 ko 
(”)SN7400 
Veet 
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Se i ee SS 
f COUNTER COUNTER COUNTER Vect aia 
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(LSB) 


(MSB) te O 
O.1uF 


0.1 nF 


L aif ® © test points 


TThis counter chain counts transport clock periods to generate the exposure time interval. The data rate is twice the count rate. 
*Vcc and Veg are the voltages that will produce the desired values of Vj} and Vj, respectively, at the RCK, XCK, and TCK inputs. 


FIGURE 3—DRIVER CIRCUIT FOR TESTING IMAGE SENSOR 
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FIGURE 4 — WAVEFORMS IN DRIVER CIRCUIT 


TYPICAL CHARACTERISTICS 


(In the circuit of Figure 3 with Ta = 25°C, fRcK = 0.5 MHz, texp = 10 ms, and all operating voltages at nominal recom- 


mended values, unless otherwise noted) 


SENSITIVITY 
vs 
WAVELENGTH OF INCIDENT LIGHT 


E 


RESPONSIVITY 
vs 
WAVELENGTH OF INCIDENT LIGHT 
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TYPICAL CHARACTERISTICS 


(In the circuit of Figure 3 with Ta = 25°C, frck = 


mended values, unless otherwise noted) 
MODULATION TRANSFER FUNCTION 
vs 
SPATIAL FREQUENCY 


MTF — Modulation Transfer Function 


fe) 0.2 0.4 0.6 
Normalized Spatial sien 


0 9.3 18.7 28.0 37.4 
Spatial Frequency — cycles/mm 
FIGURE 7 


AVERAGE AND LOW FREQUENCY 
DARK SIGNAL 
vs 
EXPOSURE TIME 


Dark Signal — mV 


1.0 


46.7 


0.5 MHz, texp = 


MTF — Modulation Transfer Function 


Percentage of Saturated Output Voltage — % 


10 ms, and all operating voltages at nominal recom- 


MODULATION TRANSFER FUNCTION 
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FIGURE 8 


OUTPUT SIGNAL VOLTAGE RELATIVE TO 
SATURATED OUTPUT VOLTAGE 
vs 
EXPOSURE TIME 


= 50 uW/cm2 


2854 K Light 
with HA-11 Filter 
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es SEATING PLANE 


NOTE: 


MECHANICAL DATA 


45,67 (1.798) 
7,62(0:300 44,75 (1.762) 
7°37 (0.290) 
24 23 22 2120 19 18 17 16 15 14 13 


0,81 (0.032) R 
NOM 


No.1 SENSOR ELEMENT 1234 5 67 8 9 10:11 12 


=< 4,50 (0.177) 


24 (0.1 


1) 


15,80 (0.622) 
15,29 (0.602) 

2,97 (0.117) 
15,19 | 598) 4,19 (0. ee Brg 


5 ‘ate ,19 (0.047) MAX 


—rll. 0,30 om eta 012) pl lg 9.48 (0.019) 
0,25 (0.010) 3,81 aoe 150) 0,38 (0.015) 
2,54 (0.100) NOM 


8.79 (0.346) 
8,48 (0.334) 


The distance between the top surface of the window and the surface of the sensor is nominally 0,89 (0.035). This is determined by observing the 
vertical motion of a microscope focused first at one plane, then at the other. 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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D2992, SEPTEMBER 1986—REVISED JULY 1989 


2592 x 1 Sensor Element Organization TC106-1 . . . DUAL-IN-LINE PACKAGE 
; a (TOP VIEW) 

Virtual-Phase N-Channel Silicon MOS 

Technology 


High Quantum Efficiency 
Enhanced Blue Response 


Output Signal Approximately 0.6 Volt 
Peak-to-Peak 


@ Dynamic Range Relative to Peak-to-Peak 
Noise Typically 1000:1 


End-of-Scan Signal 


Internal Black and White References 


a) 


Simple and Stable Operation 


Optional Feature: 
Internal Reference Voltage 


NC—No internal connection 


description 


The TC106-1, a 2592-element CCD line image sensor, functions in high-resolution image scanning 
applications such as document reading and optical character recognition. The TC 106-1 incorporates virtual- 
phase MOS technology, which provides simplified operation and high reliability. The 2592 sensor elements 
provide 300 points-per-inch resolution across 8.5 inches. 


This device is supplied in a 24-pin dual-in-line ceramic side-braze package designed for insertion in mounting- 
hole rows on 15.2-mm (0,600-inch) centers. The glass window may be cleaned by wiping with a cotton 
swab soaked in alcohol. 


Caution. These devices have limited built-in gate protection. The leads should be shorted together 

y or the device placed in conductive form during storage or handling to prevent electrostatic damage 

dy AN to the MOS gates. Avoid shorting either OS or EOS to Vss during operation to prevent damage to 
the amplifiers. 


virtual phase technology 


This patented design results in simplified clocking circuits, reduced noise, and greater light sensitivity. 
The virtual phase utilizes a junction-gate region at the substrate dc potential. This accomplishes the same 
gating and transport function as a separate gate electrode requiring multiple layers and multiple process 
steps common in other device designs. The resulting simplicity of process and ease of operation will increase 
performance and reliability for the user. 
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functional block diagram 


TCK 


DARK CURRENT BUFFER CCD 


LINEAR 
PHOTOSITE 
ARRAY 


EVEN PIXEL TRANSPORT CCD 


EOS + DARK CURRENT BUFFER CCD 


CHARGE 
DETECTOR 
é 4 , 4 OUTPUT 
WRCK xCK TCK Ves Rck AMPLIFIERS 
SUBSTRATE AND 
LIGHT SHIELD 


= WHITE REFERENCE INPUT DIODE 
= BLACK REFERENCE ELEMENT 
ISOLATION ELEMENT 

= 2592 SENSOR ELEMENTS 


PIN 
NUMBER 


z-os 


PIN FUNCTIONAL DESCRIPTION 


SIGNATURE | name | DESCRIPTION 
VREF Reference Voltage | Bias input for the output amplifiers and internal reference 
Output Signal Video output from a cascaded source-follower MOS amplifier 
Supply Voltage Output amplifier supply voltage 


| 3 | Vo | Supply Voltage | 
4, 10, 15, 23, 
410.18 75:1 ves | sunsuate | All voltages are referenced to the substrate 
NC 
K 
CK 


a, bie oy INT REF Internal Reference | Potential derived internally for operational reference voltage 
Be Lee tG No int | tion 
lo internal connecti 
17, 18, 19, 20 ¥ 
12 WRCK White Reference Injects a controlled charge into the white reference CCD shift register elements 
Clock to become white-reference and end-of-scan pulses. 
Controls the transfer of charge packets from sensor elements to shift registers. 
13 x Transfer Clock : sal iss 
The interval between pulses of the transfer clock determines the exposure time. 


Transport Clock Drives the CCD transport registers 


Te 

Controls recharging of the charge-detection diodes in the output amplifiers, and 
RCK Reset Clock 

merged. 


clocks the output shift registers where the odd and even signals have been 
End-of-Scan Pulse | Indicates that all charge packets have been shifted out of the transport registers. 
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functional description 


image sensor elements 


The line of sensor elements (also called photosites or pixels) consists of 2592 photo-sensitive areas, 10.7 
micrometers (0.42 milliinches) square and 10.7 micrometers from center to center. Image photons create 
electron/hole pairs in the single-crystal silicon. The electrons are collected in the sensor elements, and 
the holes are swept into the substrate. The amount of charge accumulated in each element is a linear 
function of the incident light and the exposure time. The output signal charge will vary in an analog manner 
from a thermally generated noise background at zero illumination to a maximum at saturation under bright 
illumination. 


transfer gate 


shift 


This structure is adjacent to the line of image sensor elements. The charge packets accumulated in the 
image sensor elements are transferred into the transfer gate storage well when the transfer gate voltage 
goes high. When the transfer gate voltage goes low, the charge is transferred into the CCD transport shift 
register. The transfer gate also controls the exposure time for the sensor elements and permits charges 
to enter the end-of-scan (EOS) shift registers to create the end-of-scan signal. In addition, the transfer 
gate permits entry of charge packets to the transport CCD shift register to create the white reference signals. 


registers 


There are two CCD transport registers, one on each side of the line of image sensor elements and outside 
of the transfer gate. Alternate charge packets are transferred to the CCD transport shift registers and moved 
serially to the output amplifier. The phase relationship of the reset clock and the transport clock and the 
geometric layout of the paths provide for alternate delivery of charge packets to re-establish the original 
sequence of the linear image data. The two outer buffer CCD shift registers protect the signal charges 
in the inner transport CCD shift registers from peripherally generated dark current noise. 


black and white reference elements 


Four additional sensor elements at each end of the sensor element array (labelled ‘’B’’ in the block diagram) 
are covered by opaque metallization. They provide a black (no illumination) signal reference that is delivered 
at each end of the linear image output signal. Also included on the transport CCD shift register, at the 
opposite end from the amplifier, is an input diode that provides two white reference pulses in the output 
signal. The reference pulses are useful as inputs to external dc restoration and/or automatic exposure control 
circuitry. 


output signal amplifier 


The charge packets are transported to a precharge diode whose potential changes linearly in response 
to the amount of the signal charge delivered. This potential is applied to the input gate of an N-channel 
MOS double-source-follower amplifier to produce an output signal (OS). A reset transistor, driven by the 
reset clock (RCK), recharges the charge-detector-diode capacitance before the arrival of each new signal 
charge packet from the CCD shift registers. Reference voltage (VREF) is applied to the drain of the reset 
transistor and acts to bias the OS and EOS amplifiers. A current sink is used as an on-chip load for the 
amplifier output, so no external current sink is needed. The output signal on pin 2 is a series of negative- 
going pulses on a dc level. 


internal reference voltage 


An internal reference voltage (INT REF) is available on the chip to provide the VrREF voltage. The required 
connections appear in Figure 3. If the internal reference voltage is not used, an external voltage is connected 
directly to pin 1. Pin 5 is then left unconnected. 
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resolution 


The modulation transfer function decreases at longer wavelengths. (See Figures 7 and 8.) If optimum 
resolution is required with a light source that has a significant infrared component, then the designer must 
use appropriate filters to restrict the optical pass band to shorter wavelengths. 


end-of-scan amplifier 


The EOS amplifier is similar to the OS amplifier. XCK transfers charge from the input diode into the EOS 
register where it is transported at the TCK clock frequency to the EOS amplifier. This EOS pulse is coincident 
with the first of the two white reference pulses that pass through the odd and even transport CCDs, 
respectively. The EOS output can be used to alert the external circuitry that the linear image data readout 
has been completed. 


clocks 


The transfer clock (XCK) pulse controls the exposure time of the sensor elements. The minimum exposure 
time is the time required to shift the entire contents of the transport registers to the output signal amplifier 
and equals 2625 multiplied by the RCK period. The maximum exposure time is determined by the tolerable 
level of dark signal. 


The transport clock (TCK) transports the linear image signal charge from the sensor element region to the 
output amplifier. 


The reset clock (RCK) operates at twice the transport clock frequency so as to recombine the signal charge 
in the original sequence and present the charge to the output amplifier. The data rate is equal to the reset 
clock frequency. 


The white reference clock (WRCK) runs at the transfer clock frequency and generates the white reference 
and the end-of-scan pulses. These pulses can be eliminated by connecting WRCK to Vpp. Transients on 
WRCK going below zero volts will cause charge injection resulting in an increase in apparent dark signal. 


Figure 3 presents a suggested circuit for generating the clock waveforms. The RCK clock generator runs 
continuously. A binary divider halves the frequency to create TCK. After all signal charges have been 
transported to the output amplifier, TCK continues to run to keep thermally generated charges from 
accumulating in the transport registers. 


The XCK and WRCK clock frequencies are submultiples of the TCK frequency. Figure 2 details the timing 
relationships among the different clock pulses. 
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TC106-1 
2592 x 1 CCD LINEAR IMAGE SENSOR 


eee =e 


x S868 Jt. 68 
= 7 42 3 14 15 16 17 18 
P| P 
7 2 
EOS 1_n_ny; 
Output Signal (OS) pulse identification: | = Isolation pixel, IP = Image pixel, B = Black reference pixel, WR = White reference pixel, 


X = Empty pixel. 
FIGURE 1. OPERATING INPUT AND OUTPUT VOLTAGE WAVEFORMS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) (see 
Note 1) 


Amplifier drain. MORAGE KANGA PD) a eo9:onee- 02 -anentoemenetnehaarinenmmnnrimaniane miley ter eters —¥ -—0.3 V to 30 V 
sheanster.. clock. (XKCK).VGHGUG TARGE 6.010 ccomste noe eseeanrere mena ymunerarensretyiN a Irantee 9 enw -25Vto5V 
Trangport.clock: (TK) MONE GS HENGO.-.- 2 66 eve i ee ererieniraanreititgits oe eee -25Vto5V 
neset clack (RGR) WGRGGE GREE... 0.06 cer ed ae erermenatenmnnmerns rts oe dee es -25Vto5V 
White reference clock (WRCK) voltage range ... 1.2... 0. cece eee eee eee -0.3 to 30 V 
Storage: teMpPeyewsMONGS. <6 wwe or ee Er Tees oe — 25°C to 125°C 
Operating free-air temperature range ......... 2.0... eee eee eee —25°C to 70°C 


NOTE 1: Voltage values are with respect to Vgs. 


recommended operating conditions at TA = 25°C (see Note 2) 


ee ee ee ee ee ee 
[Wino —Trnsfer clock Wighievelinputverage———SSSCSC~“~S*s‘“‘L | #3 | 
[vinin) Transport clock nighievel mput votiage Cid VY 
[Vinimy Reet clock high-level input vohage SSCS SS TY 
[Winiway White reference clock highlevel input votes SSCS tw 
Fincx Reset clock frequency (output datarate) 


NOTE 2: The algebraic convention, in which the more negative limit is designated as minimum, is used in this data sheet for clock voltage 
levels only. 
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TC106-1 
2592 x 1 CCD LINEAR IMAGE SENSOR 


electrical characteristics at 25°C free-air temperaturet 


PARAMETER MIN TYP MAX 
Average Se Sy ae 


HS Si Low: trequeney component tae F 
Dark-signal amplitude - - 
Nonuniformity relative to 4 20 mV 
average of adjacent pixels 
Sensitivity 1.4 2 5 |VApJ/cm2) 
Peak-to-peak 30 60 


Output amplitude 
variation (PRNU)* 


Peak-to-peak noise 


Saturation output amplitude 400 
Dynamic range relative to peak-to-peak noise § 500:1 1000:1 i ae 
0.99999 eee 


Transfer gate 
Transport gate 
Reset gate 


Transfer gate 
Transport gate 


Reset gate 


T Test conditions are fRCK = 0.5 MHz, texp = 10 ms, tungsten light source operating at color temperature of 2854 K with 2.0-mm-thick 
Fish-Schurman HA-11 IR-absorbing filter, and all operating voltages at nominal recommended values using the internal reference voltage. 

+ Measured at 400 mV output amplitude with an f/2.8 lens. 

§ Exposure = intensity x time 

{Dynamic Range = saturation output amplitude/standard deviation peak-to-peak noise. 
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timing requirements 


ERS OS RE are Qe 


Time delay from the transport clock rising 


t 
THXH edge to the transfer clock rising edge 


Time delay from the transport clock rising edge 
to the white reference clock falling edge 

Time delay from the transport clock rising 
edge to the reset clock rising edge 


tTHWL 


tTHRH 


tw(RH) Pulse duration of the high state for the reset clock 


2.3 ee oe 
ae Time delay from the transport clock falling Lop | | 
edge to the transfer clock falling edge 
tan Time delay from the transport clock falling edge Cac 
to the white reference clock rising edge 

Time delay from the transfer clock falling edge to SaaS 

ee 

be ES 


t 
xeTH the rising edge of the next transport clock pulse 


t Rise time (all clocks) 
tf Fall time (all clocks) 


ee tTHXH 
' 
\ 


' 
xCK | 
| 


WRCK 


TCK 


\ 

\ 
‘THRH >A bhi , > ate 
RCK } 


os 


BLACK REFERENCE LEVEL 


FIGURE 2. DEVICE TIMING REQUIREMENTS 
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SN74LS626 
45V vco (4) 


DEVICE 
UNDER TEST 


(1/2) TLD369 


(%)SN7400 Vect 


(%)SN7400 (%)SN74S74 


(%4)SN75453 


cn 


COUNTER CHAINt 


Le COUNTER COUNTER COUNTER Si 
SN74LS193 SN74LS193 SN74LS193 
(MsB) 


< 
m 
m 

cad 


j ® or (G) TEST POINTS 


TThis counter chain counts transport clock periods to generate the exposure time interval. The data rate is twice the count rate. 
+Vcc and Vee are the voltages that will produce the desired values of Vip and Vj, respectively, at the RCK, XCK, and TCK inputs. 


FIGURE 3. DRIVER CIRCUIT FOR TESTING IMAGE SENSOR 
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TC106-1 
2592 x 1 CCD LINEAR IMAGE SENSOR 


WRCK 


FIGURE 4. WAVEFORMS IN DRIVER CIRCUIT 


TYPICAL CHARACTERISTICS 


(In the circuit of Figure 3 with Ta = 25°C, fRcK = 0.5 MHz, texp = 10 ms, and all operating voltages at 
nominal recommended values, unless otherwise noted) 


SENSITIVITY RESPONSIVITY 
vs vs 
WAVELENGTH OF INCIDENT LIGHT WAVELENGTH OF INCIDENT LIGHT 
= 
ast See ee 
= 
oe Eel 
a 
cA 
i 
>|* = yr | 
= < ne 
a | 
= > 
| oo — _| 
2 3 = 
Zz 5 ss 
= & —=s 
3 = 
8 = 0.04 
|__| is 0.80657) A/w 
ae for X in pm. 
; 400 600 800 1000 1200 400 600 800 1000 1200 
Incident Wavelength—nm Incident Wavelength—nm 
FIGURE 5 FIGURE 6 
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TYPICAL CHARACTERISTICS 


(In the circuit of Figure 3 with Ta = 25°C, fRCK = 0.5 MHz, texp = 10 ms, and all operating voltages at 
nominal recommended values, unless otherwise noted) 
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MTF—Modulation Transfer Function 


MODULATION TRANSFER FUNCTION 


vs 


SPATIAL FREQUENCY 


2854 K Light 


MODULATION TRANSFER FUNCTION 
vs 
SPATIAL FREQUENCY 


1.0 
d = 400 to 700 nm 


° 
& 


= 
a 


ing 
b 


Monochromatic Light 


°S 
i) 


MTF—Modulation Transfer Function 


) 0.2 0.4 0.6 0.8 1.0 te) 0.2 0.4 0.6 0.8 1.0 
Normalized Spatial Frequency Normalized Spatial Frequency 
t \ L aS ali eRE a ad oy J 
te) 9.3 187 280 a74 467 0 9.3 1S2u 280 37.4.) 469 
Spatial Frequency —cycles/mm Spatial Frequency —cycles/mm 
FIGURE 7 FIGURE 8 
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TYPICAL CHARACTERISTICS 


(In the circuit of Figure 3 with Ta = 25°C, fRCK = 0.5 MHz, texp = 10 ms, and all operating voltages at 
nominal recommended values, unless otherwise noted) 


AVERAGE AND LOW FREQUENCY OUTPUT SIGNAL VOLTAGE RELATIVE TO 
DARK SIGNAL SATURATED OUTPUT VOLTAGE 
vs vs 


EXPOSURE TIME 


EXPOSURE TIM 


100 


ee aod Be 
80 ~ 
2854 K Light / 
with HA-11 Filter 
; ya 


NO 


Dark Signal—mv 


Percentage of Saturated Output Voltage—% 


t) 
iar 
Bo) 1 10 
texp—Exposure Time—ms texp—Exposure Time—ms 


FIGURE 9 FIGURE 10 
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TC106-1 
2592 x 1 CCD LINEAR IMAGE SENSOR 


MECHANICAL DATA 


34,90 (1.374) 
7,62 (0.300) 34,19 (1.346) 
7,37 (0.290) 


0.81 (0.032) R 
NOM 
No. 1 SENSOR ELEMENT ri 9 1011 12 
4,62 (0.182) 
4,37 (0.172) 
15,80 (0.622) 
15,29 (0.602) 
2,97 (0.117) 
15,19 (0.598) 4,19 (0.165) PRY 


14,78 (0.582) 3,07 (0.121) =u oath 1,19 (0.047) MAX 


== ss none tH 
| 0,30 (0.012) 0,48 (0.019) 
0,25 (0.010) 3,81 (0.150) = 0,38 (0.015) 
3.05 (0.120) 2,54 (0.100) NOM 


3,05 (0.120) 
3,45 (0.136) 
3,15 (0.124) 


NOTE: The distance between the top surface of the window and the surface of the sensor is nominally 0.89 (0.035). This is determined 
by observing the vertical motion of a microscope focused first at one plane, then at the other. 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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SAMPLE-AND-HOLD CIRCUIT FOR CCD IMAGERS 


03327, SEPTEMBER 1989 


e 15-MHz Sampling Rate 


e 30-ns Acquisition Time 


D OR P PACKAGE 


(TOP VIEW) 


e Diode-Bridge Switch ANLG Voc] 1 8{] DGTL Voc 
ANLG IN{] 2 7[] DGTLIN 
° 25-MHz Bandwidth ANLGGND[[3 _—6 |] DGTL GND 
ANLG OUT[] 4 5] SUB GND 


e Low-Voltage Supply 


description 


The TL1591 is a monolithic integrated sample-and-hold circuit with excellent performance features using the 
BiFET process with Schottky-barrier diodes and designed for use with CCD area imagers. This device consists 
ofanultra-fast input buffer amplifier, a digital-controlled diode-bridge switch, and a high-impedance output buffer 


amplifier. The electronic switch is controlled by an LS-TTL-compatible logic input. 


functional block diagram 


ANLG IN 


i) 


4 ANLG OUT 


{ a 
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PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage; Veg i. cre ci 6 cde 5 «cassie einen ane reinien ay 1a e sie 'e w be mit ow = 5 a MR CSB NSIC. BIE A 7V 
Digitell input woltae AF. Pees gates © boc <sepmcnscse BTW Wi ecla a nine aaa. s 0 (61a, S1R« 9 ogee age nooo wind 6)5's Oto Vcc 
ContiniGus SetatSein ate tee ciiis ccs waecwiniies ese Paben isle on sealer vss See Dissipation Rating Table 
Operating free-air temperature range, Ta «os sccve conse cess encicices vines vnatpietetlewijes —25°C to 80°C 
Storage Jemperese (ANGS rar. wicats s 6 nono ladies wow sin'eie Ge sina atsls wis/a,0) ews oivinlg ers singe s!ace —55°C to 150°C 


DISSIPATION RATING TABLE 


Ta = 25°C DERATING FACTOR T, = 80°C 
POWER RATING ABOVE T, = 25°C POWER RATING 
725 mW 5.8 mW/°C 406 mw 
1000 mw 8.0 mw/°C 560 mW 


PACKAGE 


Vin High-level digital input voltage 


Vit Low-level digital input voltage 


Vip) Peak-to-peak analog input voltage 


PARAMETER [TEST CONDITIONS ——_[_wiN_TVP? WAX] UNIT] 

ra ange ves Sia GENS | Hea 
ae ee | ce A aC 
i High-level input current Voc = 5.5 V, Vin = 2.7 V ' ae 1 SS) 
fire ee ce ae ae 
SELL) 
a bee Aces ON 
= a 


A, Voltage amplification 0.8 0.9 
15 


<s 
Hold-mode droop 


T All typical values are at Voc = 5 V, Ta = 25°C. 
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SAMPLE-AND-HOLD CIRCUIT FOR CCD IMAGERS 


dynamic characteristics (see Figure 1) 


PARAMETER UNIT 

| ns | 
|_ns_| 
[ns | 
| MHz _| 


Acquisition time 0.6 V to 2% (see Note 1) 
Acquisition time 0.6 V to 1% (see Note 1) 


Sampling-mode bandwidth 
Sampling rate 
T All typical values are at Veg = 5 V and Tg = 25°C. 


Hold-mode settling time (see Note 2) Sek Se 


PARAMETER MEASUREMENT INFORMATION 


SAMPLE-TO-HOLD 
TRANSIENT 


No 


——-— HOLD MORE 


APERTURE - 
eee Zi ule eeoaen - VOLTAGE DROOP 
OUTPUT / (ERROR BAUD) 


SAMPLE SWITCH 


OPENS 
SAMPLE-TO-HOLD 
OFFSET ERROR 


ANALOG jh 
INPUT / 


(See Note 1) 


SIGNAL ¥ Ps 
s ore HOLD 
~— “SAMPLE _,| SAMPLING COMMAND 
COMMAND SWITCH 
CLOSES 


SAMPLE CONTROL PULSE 


FIGURE 1. SAMPLE-HOLD DEFINITIONS 


NOTES: 1. Acquisition time is the time required, after the closing of the sampling switch, for the hold capacitor to charge to a full-scale voltage 
change and then remain within a specified error band around the final value. 
2. Hold-mode settling time is the time from the hold command transistion until the output has settled within a specified error band around 
the final value. 
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PARAMETER MEASUREMENT INFORMATION 


33 uF p 

ANALOG 
INPUT 502 
50Q 
330 uF 
ANALOG ~5 5 bes bi 
OUTPUT 
53.Q 


FIGURE 2. TEST CIRCUIT 


Vee 


TL1591 
ANLGVcg = OG TL Vcc 


COMMAND INPUT 


DGTL IN (SAMPLING PULSE) 


ANLGGND DGTL GND 


SUB GND 


ANLG OUT 


TYPICAL CHARACTERISTICS 
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ao 
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o 
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SAMPLE/HOLD ACCURACY - % 


COMMAND DURATION-ns 
FIGURE 3. SAMPLE/HOLD ACCURACY VS COMMAND DURATION 
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Dual Inverting MOS Driver 
Low Standby Power Dissipation 


Versatile Interface Circuit for Use between 
TTL Levels and Level-Shifted High-Current, 
High-Voltage Systems 


@ inputs May Be Level-Shifted by Use of a 
Current Source or Capacitive Coupling or 
Driven Directly by a Voltage Source 


@ Designed to Be Functionally Interchangeable 
with National DSO026 


@ Capable of Driving High-Capacitance Loads 


Vcc Supply Voltage Variable over Wide 
Range to 22 V Maximum with Respect to 
VEE 


@ Operates from Standard Bipolar and/or MOS 
Supply Voltage 


® High-Speed Switching 


Transient Overdrive Minimizes Power 
Dissipation 


description 


The TLD369 is a monolithic dual MOS driver and 
interface circuit that operates with either 
current-source or voltage-source input signals. 
The device accepts appropriate level-shifted 
input signals from TTL or other logic systems and 
provides high-current and high-voltage output 
levels suitable for driving MOS circuits. 
Specifically, it may be used to drive address, 
control, and/or timing inputs for several types of 
MOS RAMs and MOS shift registers. 


The TLD369 operates from standard MOS and/or bipolar supplies in most applications. This device has 
been optimized for operation with VCc supply voltage from 12 V to 20 V positive with respect to VEE. 
However, it is designed so as to be usable over a wide range of Vcc. 


Inputs of the TLD369 are referenced to the Veg terminal and contain a series current-limiting resistor. 


TLD369 
DUAL CCD IMAGE-SENSOR CLOCK DRIVER 


D3296, JUNE 1989 


P PACKAGE 
(TOP VIEW) 


NC—No internal connection 


logic symbolt 


TTL/MOS 


TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and 
IEC Publication 617-12. 


De) 


logic diagram 


De 
Do 


CCD Image Sensors/Support Functions 


The device will operate with either positive current input signals or voltage input signals that are positive 
with respect to Veg. In many applications, the VEE terminal is connected to the MOS Vpp supply of — 12 V 
to — 15 V with the inputs to be driven from TTL levels or other positive voltage levels. The required negative- 
level shifting may be done with an external p-n-p transistor current source or by use of capacitive coupling 
and appropriate input voltage pulse characteristics. 


The TLD369 is characterized for operation from O°C to 70°C. 


PRODUCTION DATA documents contain information 
current as of = — to 
specifications terms ‘exas Instruments 
standard warranty Production processing does not 
necessarily include testing of all parameters. 
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schematics of inputs and outputs 


TYPICAL OF BOTH OUTPUTS 


EQUIVALENT OF EACH INPUT 


Vec Vec 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage: tanga: or Vee (See: Note 1) osc vn 3 oe wo ie ee cr ttene 6 wee etaee -0.5 V to 22 V 
DBTPRERRS. ORES gS 5 eras taal ts ce RP na lus “a ca" Se cian, a) Veet & AOR Ruma a an aea MMS ey Bye MRIs haa me) a! 8 5.5°V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2)....... 1000 mW 
Opérating free-air temperature TENGE... sive Sake ey hs obs eo Mane where es 40 0°C to 70°C 
Storage temperature fONGe 2k. ei ce ee —65°C to 150°C 
Lead temperature 1/16 inch from case for 10 seconds ........... 0.0. c eee e eee eee 260°C 


NOTES: 1. Voltage values are with respect to the Veg terminal unless otherwise noted. 
2. For operation above 25°C free-air temperature, derate linearly to 640 mW at 70°C at the rate of 8.0 mW/°C. 


recommended operating conditions 


ae a 


Supply voltage, Vcc APSreit 320i, 22 
Operating free-air temperature, Ta 
definition of input logic levels 
PARAMETER MIN TYP MAX | UNIT 
ViH___ High-level input voltage 2.5 4.5 
Vi___Low-level input voltage Siem ar Mail Ek ae 
iin High-level input current 


l,___ Low-level input current he ea 
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electrical characteristics over recommended ranges of Vcc and operating free-air temperature (unless 
otherwise noted) 


PARAMETER TEST CONDITIONS (See Note 3) 
Vik Input clamp voltage | = -15mA 


= 6: Sr A 

Vit = 0.5 V, 1OH 50 Geet LvEe 07 

lL = 0.7 mA, loH = —50 pA v 
= 0. A | = -—10mA 

Mia 22. OH = Vec-2.3 Vec-1.8 

lL = 0.7 mA, lon = —10 mA 

Vin = 2-5 V, lo. = 10 mA 

lH = 8 mA, lo. = 10 mA Vv 


VoH_ High-level output voltage 


VoL Low-level output voltage 


Vec = 10 Vto22V, Vin =2.5V, lot = 30mA 
Vcc = 10 Vto 22V, IH = 8 mA, lo. = 30 mA 
v= 0, lon = 20 ma 
i| = 20 mA 


| = 8mA 


Vok Output clamp voltage 


ie) 


Input voltage 


Vi = 4.5V 
Input current Vy = 2.5 V mA 
Vj = 0.5 V 


; Supply current from Vcc.| Vcc = 22 V, Both inputs at O V, ran 
CCtH) both outputs high No load 
Suppl t fi Vec.| Vi = 22V, Both inputs at 3 V, 
ea) upply current from Vcc cc oth inputs 7 12 wih 
both outputs low No load 


TAIl typical values are at V¢¢ = 20 V and Ta = 25°C. 
NOTE 3: Many of these parameters are specified independently for either voltage source or current source external forcing functions at 
the inputs. Use the appropriate set of specifications for each application. 


switching characteristics, Vcc = 20 V, Ta =25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
tpLH Delay time, low-to-high level output 8 16 24 
t Delay time, high-to-low-level output 
DHL ye. dual igh-to-low: aye outpu CL = 390 pF, 
tTLH _ Transition time, low-to-high-level output 


age r Rp = 109, 
tTHL Transition time, high-to-low-level output 


See Figure 1 
tpLH Propagation delay time, low-to-high-level output 2 


tpHL Propagation delay time, high-to-low-level output 
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TLD369 
DUAL CCD IMAGE-SENSOR CLOCK DRIVER 


PARAMETER MEASUREMENT INFORMATION 


20V 


= ee 
| 


200 2 | pb 


PULSE 


GENERATOR OUTPUT 
(See Note A) I 

I cL 

l (See Note B) 

| vi 

ae -F a 

INPUT 
TEST CIRCUIT 


VOLTAGE WAVEFORMS 


NOTES: A. The pulse generator has the following characteristics: PRR = 1 MHz, Zoyt ~ 50 2. 
B. C, includes probe and jig capacitance. 


FIGURE 1. SWITCHING TIMES, EACH DRIVER 
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TYPICAL CHARACTERISTICS 


TOTAL DISSIPATION 
(BOTH DRIVERS) 
vs 
FREQUENCY 


1000 - 
tel gee Le Le 
taas'e {|TV 
Z ' | 


T ea 
Ci. = 1000 pF 


—Dissipation— mW 


PT 
Ww 
oOo 
oO 


0.1 0.2 #04 07 1 2 4 7 10 
f—Frequency —MHz 
FIGURE 2 
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3N261, 3N262, 3N263 
OPTOCOUPLERS 


D2655, OCTOBER 1981 


GALLIUM ARSENIDE DIODE INFRARED SOURCE OPTICALLY COUPLED 
TO A HIGH-GAIN N-P-N SILICON PHOTOTRANSISTOR 


e Photon Coupling for Isolator Applications 

e Very High Current Transfer Ratio . . . 500% 

e High-Voltage Electrical Isolation . .. 1-kV Rating 
e Stable Over Wide Temperature Range 

e Hermetically Sealed TO-72 Package 


description 
This optocoupler features an improved current transfer ratio (CTR) at an input of one milliampere making it ideal 
for coupling with isolation from low-output MOS and CMOS devices to power devices or other systems. Typical appli- 
cations include motor-speed controls, numeric control systems, meters, and instrumentation. 


mechanical data 
THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


0,483 (0.019) 


a a 0,406 (0.016) 


2,54 (0.100) DIA 
5,34 (0.210) 


3—COLLECTOR 
4—ANODE 


4,96 (0.195) 
452 (0.178) 1,22 (0.048) 
DIA 0,71 (0.028) 


v 1,17 (0.046) 
rer 0,91 (0.036) 
5,84 (0.230) 0,76 (0.030) »| 


4,31 (0.209) max 
DIA 
12,7 (0.500) 
MIN 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES. 
ALL JEDEC TO-72 DIMENSIONS AND NOTES ARE APPLICABLE 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


lnpetto-Outout Valtege: WF... 486... Di ....s . TAD eee th... o MAR 2 ke OUT... +1 kV 
Collectomemiter Voltage OF. 6... ae os Bh css. h < TI es. SRE MOPS)... 2 cs ore POL. 40 V 
PCCDUL INOUE MOIR sess 2 ales Sx saa 6A byh Suna We elena era Ss Gini s ewe tig Fe wk Gla sa 8 7V 
IEG | cid ets OO RAM AMN ERR gee Ec alco a it ea eee Leen aces Aiea neha a ure 4.2 2gr og « 2V 
Input Diode Continuous Forward Current at (or below) 65°C Free-Air Temperature (See Note 1) ....... 40 mA 
SDN CPN SURE TN RN ese aaa wi'5.9 pio ede vw we AR Renmin Whee pn. ards ap salvOa’ ip los aha: ete Dig tae 50 mA 
Peak Dieta: Carrenttug os tier rnin SOOIDPS): "6 sacs 4 sco} a ere bare H/ty onde, casmevana ars pid ibe ws eee we ewe 1A 
Continuous Transistor Power Dissipation at (or below) 25°C Free- Air Temperature (See Note 2) ...... 190 mW 
Operating) Pree:Alf Temperamire RANG: 22-5 v5 Stee Geer wternie 08 Se bh 0) 5 Sun's lo wim ghee dele bra ae —55°C to 125°C 
DN cirigcie VOL tHE CO ARMIN FIER co ieteey ic cakes gis vad cera eins eats oe ares BES PHS were —55°C to 125°C 
Lead Temperature 1/16 Inch trom Gase tor 10 Seconds... nck ce eee eee ee acaes 240°C 


NOTES: 1. Derate linearly to 125°C free-air temperature at the rate of 0.67 mA/*C. 
2. Derate linearly to 125°C free-air temperature at the rate of 1.9 mW/°C. 
*JEDEC registered data. This data sheet contains all applicable JEDEC registered data in effect at the time of publication. 
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Optocouplers (Isolators) 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


*switching characteristics at 25°C free-air temperature 


P. TEST CONDITIONS SNzBE SNeEE SNz6e UNIT 
ARAMETEN MIN TYP MAX] MIN TYP MAX| MIN TYP MAX 
Collector-Emitter Ic=1mA le =0, 
Vv = 40 40 40 Vv 
(BR)CEO Breakdown Voltage Ip=0 
v Emitter-Collector Ie = 100A, Ic =0 ; 3 = ¥ 
IBRIECO Breakdown Voltage Ip =0 
Input Diode Static 100 100 100| pA 
Reverse Current 
0.5 1 5 2 10 
0.7 1.4 2.8 
On-State ia 
Collector Current 
See Note 3 
nA 
' Off-State 
3 Cloth Collector Current Voce =20V, an 
Vp =0, Ta = 100°C 
ean Ip =10mA, Ta =—55°C 3 : i 
t 
O |v- npur ode sate ie Eero nTA 08 14 15| 086 14 15/08 14 15] v 
Forward Voltage 5 
mo] 
ot 
° 
Q 
Collector Emitter Ic =1mA, 
= VCE (sat) s. E eo nA 0.3 Vv 
so aturation Voltage F m. 
@ Ic =2mA, me 
a Ip=2mA 
Input-to- t 
= | no dine: Rae: Vin-out = 41kV, See Note4 | 1011 1012 1011 1912 1011 1012 a 
77) Internal Resistance 
io} a Input-to-Output Vin-out = 9 f= 1 MHz, ae z At - ae wl see 
o 4g Capacitance See Note 4 - ; . 
ot 
io) 
= 
” 
— 


PARAMETER 


Rise Time 
Fall Time 


TEST CONDITIONS 
Vcc=10V, IE(on) = 5 mA, 
R_ = 100 2, See Figure 1 


3N261 


MIN TYP MAX 


3N263 


MIN TYP MAX 
1 


i?) 20 
10 20 


10 20 


NOTES: 3. This parameter must be measured using pulse techniques, ty = 100 us, duty cycle < 1%, 
4, These parameters are measured between all the input diode leads shorted together and all the phototransistor leads shorted 


together. 
*JEDEC registered data. 


MIN TYP MAX 
15 25 
5 25 


GROPYE A) Se 
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TEXAS 
INSTRUMENTS 


3N261, 3N262, 3N263 
OPTOCOUPLERS 


PARAMETER MEASUREMENT INFORMATION 


NOTES: 


Adjust amplitude of input pulse for 


'F(on) = SMA 
INPUT 
200 2 9 == 
INPUT 
OUTPUT 
(See Note b) : ‘ output " a 
R, =1002 1 
! 
! 
! 
+ t 
TEST CIRCUIT VOLTAGE WAVEFORMS 


a. The input waveform is supplied by a generator with the following characteristics: Zoy+ = 50 2, ty < 15 ns, duty cycle = 1%, 


tw = 100 Ms. 


b, Waveforms are monitored on an oscilloscope with the following characteristics: tp < 12 ns, Rin > 1M&, Cin < 20 pF. 


FIGURE 1—SWITCHING TIMES 


TYPICAL CHARACTERISTICS 


INPUT DIODE FORWARD CONDUCTION CHARACTERISTICS 
10 


\p—Forward Current—mA 


ONG? 04' 06 O08 ADTZ. T4 15 
VF—Forward Voltage—V 


FIGURE 2 
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TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 - DALLAS, TEXAS 75265 


OO 


Optocouplers (Isolators) 
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3N261, 3N262, 3N263 


OPTOCOUPLERS 
TYPICAL CHARACTERISTICS 
3N262 3N262 
COLLECTOR CURRENT COLLECTOR CURRENT 
vs vs 
COLLECTOR-EMITTER VOLTAGE COLLECTOR-EMITTER VOLTAGE 


I¢—Collector Current—-mA 
Ic—Collector Current—mA 


VcE—Collector-Emitter Voltage—V VcE—Collector-Emitter Voltage—V 
FIGURE 3 FIGURE 4 
3N262 3N262 
COLLECTOR CURRENT COLLECTOR CURRENT 
vs vs 
COLLECTOR-EMITTER VOLTAGE COLLECTOR-EMITTER VOLTAGE 


Collector Current—-mA 


\c—Collector Current—mA 


Ic 


VceE-—Collector-Emitter Voltage—V VcE—Collector-Emitter Voltage—V 


FIGURE 5 FIGURE 6 


NOTE 5: This parameter was measured using pulse techniques. tw = 100 us, duty cycle = 1%. 
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3N261, 3N262, 3N263 
OPTOCOUPLERS 


TYPICAL CHARACTERISTICS 


3N262 
COLLECTOR CURRENT 
vs 
INPUT DIODE FORWARD CURRENT 


\¢—Collector Current—-mA 


QT ~0.2 0.4 0.7 1 2 4 7 10 
|——Forward Current—mA 


FIGURE 7 


25°C 


Collector Current Relative to Value at TA 


3N262 


RELATIVE ON-STATE COLLECTOR CURRENT 
vs 
FREE-AIR TEMPERATURE 


-75 -50 -25 0O 25 60° 75 100 126 


Ta—Free-Air Temperature—C 
FIGURE 8 


NOTE 5: This parameter was measured using pulse techniques. ty = 100 us, duty cycle = 1%. 
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4N22, 4N23, 4N24 
OPTOCOUPLERS 


D1424, AUGUST 1973—REVISED APRIL 1987 


JEDEC REGISTERED DEVICES 
GALLIUM ARSENIDE DIODE INFRARED SOURCE OPTICALLY COUPLED 
TO A HIGH-GAIN N-P-N SILICON PHOTOTRANSISTOR 


e JAN, JAN TX, JAN TXV Versions Available 
e Base Lead Provided for Conventional Transistor Biasing 
e High Overall Current Gain... 1.5 Typ (4N24) 


e High-Gain, High-Voltage Transistor. .. hFE = 700 Typ (4N24), 
V(BR)CEO = 35 V MIN 


e High-Voltage Electrical Isolation .. . 1-kV- Rating 
e Stable over Wide Temperature Range 


*mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


ALL LEADS INSULATED FROM CASE 


6 LEADS 


4,70 (0.185) 
eae 0,483 (0.019) 544 
1,02 (0.040) | 9.406 (0.016) 
ime MAX 
= | 


8,51 (0.335) 9,40 (0.370) DIA 
7,74 (0.305) 8,51 (0.335) 


as —— 
as 


NC—No internal connection 


1,14 (0.045) 
0,73 (0.029) 


0,864 (0.034) 
0,711 (0.028) 


5,08 (0.200) 
DIA 
(See Note a) 


NOTE: a. Leads having maximum diameter shall be within 0,18 mm (0.007 inch) of true position relative 
to a maximum-width tab when measured in the gaging plane between 1,371 mm (0.054 inch) 
and 1,397 mm (0.055 inch) below the seating plane. 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Input-to-Output Voltages oi. oe ne eee sce sein oc eM eee RTD i ret AM, Pec CURSE NL TAIT +1 kV 
Goliectnrnae Voltage vest fons Sl neha a oh ee reek ok eer eee eee re eee ee ek be One 35 V 
Raptlertor:ailtint Ware rete eee aera saan tose a EE Go beeen coh ee eee 35 V 
Efernin teas Chapel Weal teneneresrmsece testa er ettereee ctr cece tte i ten BR Per re 4V 
NN DCRIW PROMOTE NIN. fale fete tee Seto « dinpadgca cates <a Aina tue otter ee ee cw Aa ee ee 2V 
Input Diode Continuous Forward Current at (or below) 65°C Free-Air Temperature (See Note 1) ........ 40 mA 
COMTIGUE CONRONIE RANE eo pura hus ere done Gk oe ae ee A De oo OS dca 4S Elks 9 4 8 wm, 88 50 mA 
Peak DIOde GUErert Wee ete Tn. tra ls Senate els. «Sor eT ar DCE NIS Eee O te a are a ie Ve vis tone 4 a aren 1A 
Continuous Transistor Power Dissipation at (or below) 25°C Free-Air Temperature (See Note 3)......... 300 mW 
Storage Temparaturanmenaeen cfr were ts a Alo yx ea crnvoeaneae eter tee Serena celarecd Gere 3.3 —55°C to 125°C 
Lead Temperature 1,6 mm (1/16 Inch) from Case for 10 Seconds...... 0... 0000 cece eee eee eeeaae 240°C 


NOTES: 1. Derate linearly to 125°C free-air temperature at the rate of 0.67 mA/°C. 
2. This value applies for ty, < 1 us, PRR < 300 pps. 
3. Derate linearly to 125°C free-air temperature at the rate of 3 mW/°C. 


*JEDEC registered data. This data sheet contains all applicable JEDEC registered data in effect at the time of publication. 


PRODUCTION DATA documents contain information Copyright © 1983, Texas Instruments Incorporated 


current as of publication date. Products conform to 4 
Standard warrant. Production processing doce nt TEXAS 
necessarily include testing of all parameters. INSTRUMENTS 
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Optocouplers (Isolators) 
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4N22, 4N23, 4N24 
OPTOCOUPLERS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


ARAMETER rest conpirions  |_4N22_ 


UNIT 
MIN TYP MAX 


Vv Collector-Base I¢ = 100 uA, le=.0, 
(BR)CBO Breakdown Voltage Ip =O 
Collector-Emitter Ic =1mA, Ig =0, 
Vv 35 5 
(BR)CEO Breakdown Voltage ie = 
v Emitter-Base le = 100 nA, Ic =0, 
(BR)EBO Breakdown Voltage Ip =0 


‘ Input Diode Static 
Reverse Current 


On-State 
Collector Current 


3 
> 


Vee =5V, 

Ip =10mA, Ta = 100°C 

Vce = 20 V, Ig =0, 
Off-State le=.0 


VceE = 20 V, Ig =0, 
te = 0, Ta = 100°C 
Input Diode Static 


Ip = 10mA 0.8 1.3 
Forward Voltage = 
Ip =10mA, Ta = 100°C 0.7 1.2 


Ic = 2.5 mA, Ig = 0, 
Ic =5mA, Ig =0, 
egret fs nm wa 
I¢ = 10 mA, Ig = 0, 
oe 
” Capacitance See Note 4 
*switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS | a ns PO 
[MIN TYP MAX|MIN TYP MAX|MIN TYP MAX 


[ise Time] Vee=10V,trfon)=70mA, | _—_t5 | ated eR 


NOTE 4: These parameters are measured between all the input diode leads shorted together and all the phototransistor leads shorted together. 


ICloff) 


Collector Current 


Er 
> 


Vv 


“] oO 
=a|o 
N] ow 


° wo 
i 
w 


° 
Ni] 00 
an 
re) 


Collector-Emitter 
VCE (sat) 


° 
& 
Waal 
- 
- 


Stauration Voltage 


So 


*JEDEC registered data 
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4N22, 4N23, 4N24 
OPTOCOUPLERS 


*PARAMETER MEASUREMENT INFORMATION 


INPUT 


INPUT 


OUTPUT 
(See Note b) Adjust amplitude of input 


Ay = 100% pulse for IF (gn) = 10 MA 


TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: Zou; = 50 2, tp < 15 ns, ty = 100 us, duty 
cycle = 1%, 


b. Waveforms are monitored on an oscilloscope with the following characteristics: ty < 12 ns, Rjp> MQ, Cin < 20 pF. 
*JEDEC registered data FIGURE 1—SWITCHING TIMES 
TYPICAL CHARACTERISTICS 
4N22 4N23 
COLLECTOR CURRENT COLLECTOR CURRENT 
vs 
vs 
COLLECTOR-EMITTER VOLTAGE COLLECTOR-EMITTER VOLTAGE 
Ora ' x) 
}Ta = 25°C 
< See Note 5 
C 40 _ 
i < ” 
H i rs} 
3 Ss 30 3 
5 3 8 
2 5 
8 - a 
© 8 = 
2 10 7) 
h 
® 
0 4 
0 5 10 15 20 25 0 5 10 15 20 25 5 
VceE-—Collector-Emitter Voltage—V VcE—Collector-Emitter Voltage—V (o} 
4N24 
FIGURE o 
GUBE 2. COLLECTOR CURRENT FIGURE 3 ° 
vs a] 
COLLECTOR-EMITTER VOLTAGE 4 
100 5=5 ie) 
1, <26°¢———_—_}— 
See Note 5 a 
g T 1p = 40 mA 
5 ee ike = 
“ 
A 
& 60 }— ip = 90 
5 
3 
5 ip = 20 mA 
8 0 
= 
9 au = 4 
od =10mA 
20 us 
| 
0 — 
t) 5 10 15 2 25 
VcE—Collector-Emitter Voitage—V 


FIGURE 4 


NOTE 5: This parameter was measured using pulse techniques. ty, = 100 us, duty cycle = 1%. 
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BPP EUR VII tie 
NORMALIZED ON-STATE COLLECTOR CURRENTt 
vs 
INPUT DIODE FORWARD CONDUCTION CHARACTERISTICS FREE-AIR TEMPERATURE 


a 


> 


'—Forward Current—mA 


Normalized On-State Collector Current—IC(on)t 
° 
@ 


0 
0 02 04 06 08 1.0 1214 1.6 18 2.0 -75 -50 -25 0 25 50 75 100 125 
Ve—Forward Voltage—V Ta—Free-Air Temperature—°C 
t Normalized to value at Ta = 25°C 


FIGURE 5 PHOTOTRANSISTOR COLLECTOR CURRENT FIGURE 6 
vs 


\¢—Phototransistor Collector Current—mA 


0.1 0.4 1 4 10 40 100 
If—Input-Diode Forward Current—mA 
OFF-STATE COLLECTOR CURRENT FIGURE 7 AVERAGE SWITCHING TIME 
vs vs 
FREE-AIR TEMPERATURE LOAD RESISTANCE 
= re Vec =10V 
& i 'F(on) = 10 mA 
4 ¢ Tp = 25°C 
S = 
E - 
6 2 
: : 
s = 
= a 
8 & i 
% Py 
j ; MW 
6 = 
= 3 
ia +IN 
2 ¢ 
2 ? 


-50 —25 oO 25 50 75 100 125 
Ta—Free-Air Temperature—°C 


Ri —Load Resistance—Q 
FIGURE 8 FIGURE 9 


NOTE 6: This parameter was measured in the test circuit of Figure 1 with R,_ varied between 40 Q and 10 kQ. 


A 
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4N22A, 4N23A, 4N24A 
OPTOCOUPLERS 


D3055, AUGUST 1987 


JEDEC REGISTERED DEVICES 

GALLIUM ARSENIDE DIODE INFRARED SOURCE OPTICALLY COUPLED 
TO A HIGH-GAIN N-P-N SILICON PHOTOTRANSISTOR 

Both Input and Output Circuits Are Isolated from the Can 

JAN, JAN TX, JAN TXV Versions Available 

High Overall Current Gain . . . 1.5 Typ (4N24A) 


High-Gain, High-Voltage Transistor ... hFE = 700 Typ (4N24A), 
V(BR)CEO = 35 V Min 


@ High-Voltage Electrical Isolation . . . 1-kV Rating 


® Stable over Wide Temperature Range 


*mechanical data 


ALL LEADS ARE ELECTRICALLY INSULATED FROM THE CASE 


WO 


4,70 (0.185) 6 LEADS 
3,94 (0.1) | 0,483 (0.019) DI 
| 1,02 (0.040) 
js MAX 
he | 
——— 
8,51 (0.335) 9,40 (0.370) DIA 


0,406 (0.016) 


NC—No internal connection 


7,74 (0.305) 8,51 (0.335) 


ree 


. Leads having maximum diameter shall be within 0,18 mm (0.007 inch) of true position relative 


1,14 (0.045) 
0,73 (0.028) 


0,864 (0.034) 


N 4 
——— } OS 
' ~ 
5,08 (0.200) 
lene 12,7 (0.500) DIA s =x 0,711 (0.028) 
MIN * 


(See Note a) 


to a maximum-width tab when measured in the gaging plane between 1,371 mm (0.054 inch) 
and 1,397 mm (0.055 inch) below the seating plane. 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Optocouplers (Isolators) 


RVREIR ROUTINE WOM a hse eo gO neo Bice ee Sm ww we be aoe Dl ee lesb so kak oak +1kV 
CONSCIOI-Dase volenmergas or cere Cr eine ire ee nee re ee EIMGr cRGeISocrl seks esa ee See 35 V 
Coll6ctor-ernitter Wola: < 1sn sk. «5.1.5 = cea ene peplamaes <u tn, CINE ace cea ices lial ®. eo tty 35 V 
Fra Ici A a a att at 4V 
Input GIOMEtVEVErS VONAGOU oot. Sys oo bos 5 inns pean ia depen cy ov bee 6 Ayaitpinng ep see 2V 
Input diode continuous forward current at (or below) 65°C free-air temperature 

(See NOt ye kc pee EN ce oa pak yf a RR I Ae SI Ee sw so REN BER 40 mA 
Continuous collector current............ oatiatie teeta eR en OI IE I 50 mA 
FRA CNC err CR No ee 8 re i a a a Be ok gt pet 1A 
Continuous transistor power dissipation at (or below) 25°C free-air temperature 

(See ING Oi ete tats 05 4 ds nheh sR ee oees eee AEM CEN fake he UGA) Pare ae +e we 300 mW 
Opérating free-air-temperatuieirange .. <5... ..eu se wets sles Pewee ee eee =55°C to 125°C 
Storage: TeMPOratuve Kane oc recon, Sccia cs wre 6 Siete se Rees ata a PIR te os —§5°C to 125°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds....................4- 240°C 


* JEDEC registered data. This data sheet contains all applicable JEDEC registered data in effect at the time of publication. 
NOTES: 1. Derate linearly to 125°C free-air temperature at the rate of 0.67 mA/°C. 

2. This value applies for tw < 1 us, PRR < 300 pps. 

3. Derate linearly to 125°C free-air temperature at the rate of 3 mW/°C. 


PRODUCTION DATA documents contain information > Copyright © 1987, Texas Instruments Incorporated 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 3-13 
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4N22A, 4N23A, 4N24A 
OPTOCOUPLERS 


*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


a a 
PARAMETER TEST CONDITIONS MIN an MAX 


MIN TYP MAX/ MIN TYP MAX 
Collector-base = 100 pA, Ie = 0, 


breakdown stn 


V(BR)CBO 


Vv Collector-emitter = 1mA, 
(BR)CEO breakdown oI 


v Emitter-base = BA, 
(BRIEBO breakdown tae 
ee eee 
reverse current 


On-state 


| 
ean) collector current 


100 
Off-state 


| 
Cloff) collector current 


Input diode static 
forward voltage 


Vv 


Collector-emitter 
saturation voltage 


ie: to- purr 
= +1kV, See Note 4 
capacitance Seb Note 4 
*switching characteristics at 25°C free-air temperature 


naAneren oe en 


Vee =10V. iron =10ma | ts] tS] 20 | 
ih Fal time P= 1009, SeeFiguet [18] 18] 20] = _| 


NOTE 4: These parameters are measured between all the input diode leads shorted together and all the phototransistor leads shorted together. 
* JEDEC registered data 


VCE(sat) 


1011 


° 
N 
i 
iv 


3g 
i 
R= 
oo 
3 
bs 
o 
il 
2 
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4N22A, 4N23A, 4N24A 
OPTOCOUPLERS 


*PARAMETER MEASUREMENT INFORMATION 


INPUT | 
— ton —H— toff 


OUTPUT 2 ; | 
(See Note B) Adjust amplitude of input ley tr kept — ty 
| 


pulse for IF(9n) = 10 mA OUTPUT f fl 


Ry = 1002 
| Vcc = 10 V 


10% 


TEST CIRCUIT VOLTAGE WAVEFORMS 


i 


NOTES: A. The input waveform is supplied by a generator with the following characteristics: Zoyt = 50, tr < 15 ns, tw = 100 us, 


duty cycle = 1%. 
B. Waveforms are monitored on an oscilloscope with the following characteristics: tr < 12 ns, Rin = 1 MQ, Cjn < 20 pF. 


* JEDEC registered data 


IA 


3 


TYPICAL CHARACTERISTICS 


4N22A 4N23A 
COPLECTOMEUREERT COLLECTOR CURRENT 
vs 
vs —_ 
COLLECTOR-EMITTER VOLTAGE COLLECTOR-EMITTER VOLTAGE ” 
50 
Ig=0 i" | ve) Ig =0 a °o 
Ta = 25°C Ta = 25°C o 
a See Note 5 See Note 5 — 
< 40 “0 ° 
| < 
2 E ” 
s 2 = 
5 5 
3 3 D 
2 ° 
ie % 20 pc 
2 8 [ok 
1 =] 
10 2 10 (o) 
Oo 
je) 
(0) 4N24A (0) Sd 
0 5 10 15 2 25 COLLECTOR CURRENT 0 5 10 15 20 25 oe 
VceE-—Collector-Emitter Voltage—V vs VceE-Collector-Emitter Voltage—V [e) 
COLLECTOR-EMITTER VOLTAGE 
FIGURE 2 (00 FIGURE 3 
1p=0 
F Ta = 25°C -—+——_}- 
See Note 5 
< 
€ 
| 
5 
Oo 
S 
3 
2 
3 
Oo 
i} 
2 
(0) A 4 
C) 5 10 15 20 25 
VceE—Collector-Emitter Voltage—V 
FIGURE 4 


NOTE 5: This parameter was measured using pulse techniques, tw = 100 us, duty cycle = 1%. 
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TYPICAL CHARACTERISTICS 


NORMALIZED ON-STATE COLLECTOR CURRENTt 
vs 
INPUT DIODE FORWARD CONDUCTION CHARACTERISTICS FREE-AIR TEMPERATURE 


|p—Forward Current—mA 


Normalized On-State Collector Current—IC(on)t 


bats 0.2 04 06 08 1.0 121416 18 2.0 5 -50 -25 0 25 50 75 100 125 
Ve—Forward Voltage—V Ta—Free-Air Temperature—°C 
t Normalized to value at Ta? 25°C 
FIGURE 5 PHOTOTRANSISTOR COLLECTOR CURRENT FIGURE 6 
vs 


INPUT-DIODE FORWARD CURRENT 


Ww 


ic—Phototransistor Collector Current—mA 


\¢—Input-Diode Forward Current—mA 


OF F-STATE COLLECTOR CURRENT GIGURE7 AVERAGE SWITCHING TIME 
vs vs 


(S40}eOS}) s1ajdnoz0}d9 


FREE-AIR TEMPERATURE LOAD RESISTANCE 


10 000 


¢ Ei 
1000 | 400 
5 é 
= - 
5 100 
cs) 2 
: = 100 
3 & 
3 10 = 
= & 40 
2 My 
2 1 § 
2 $ 
ed < 
S ar & 
+ 2 4 
S 0.01 aie 
2 gs 
0.001 1 
-50 -25 0 2 50 75 100 125 10 


Ta—Free-Air Temperature—°C 


RL—Load Resistance—2. 
FIGURE 8 FIGURE 9 


NOTE 6: This parameter was measured in the test circuit of Figure 1 with Ry varied between 40 9 and 10 kQ. 
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4N22, 4N22A, 4N23, 4N23A, 4N24, 4N24A 
JAN, JANTX, AND JANTXV PROCESSING AND LOT ACCEPTANCE 


This processing applies only to optocouplers ordered under part numbers shown below: 


JAN4N22, JAN4N22A, JANTX4N22, JANTX4N22A, JANTXV4N22, JANTXV4N22A 
JAN4N23, JAN4N23A, JANTX4N23, JANTX4N23A, JANTXV4N23, JANTXV4N23A 
JAN4N24, JAN4N24A, JANTX4N24, JANTX4N24A, JANTXV4N24, JANTXV4N24A 


TEST MIL-STD-750 
JANTXV 
(PER MIL-S-19500/486A) TEST METHOD 


100% Processing 
Internal visual 
Storage: Ta = 125°C,t=72h 
Temperature cycle: —55°C to 125°C, 10 cycles 


1051 
2006 
1039 
1039 

1071 Cond, G or H 
1071 Cond, Cor D 
2071 


Constant acceleration: 20,000 G, Yj axis 

High-temperature reverse bias: |p = 0, Ta = 125°C, Vcg = 20 V,t=96h 
Power burn-in: Ip = 40 mA, Pp = 275 + 25 mW, t= 168h 

Hermetic seal, fine 


Hermetic seal, gross 


x «x KKK KK KK 
x x «KK KKK KK 


External visual 


Product Acceptance 


Group A 

External visual: LTPD is 10 for JAN, 7 for JANTX and JANTXV 
Electrical: Ta = 25°C, LTPD is 7 for JAN, 5 for JANTX and JANTXV 
Electrical: Ta = 100°C, LTPD is 10 for JAN, 7 for JANTX and JANTXV 
Electrical: Ta = —55°C, LTPD is 10 for JAN, 7 for JANTX and JANTXV 


2071 
as needed 
as needed 


as needed 


Group B-1: LTPD = 15 
Solderability 
Thermal shock 


2026 
1051 Cond, B 
1056 Cond. A 
1071 Cond, G or H 
1071 Cond. Cor D 
1021 


Thermal shock 


Hermetic seal, fine 


Hermetic seal, gross 


Moisture resistance 


Group B-2: LTPD = 10 
Shock: 1500 G 
Vibration: 50 G 
Acceleration: 30,000 G 


Group B-3: LTPD = 20 
Isolation voltage: Vig = 150 V, Ta = 125°C, t= 24h 


Group B-4: LTPD is 7 for JAN, 5 for JANTX and JANTXV 
High temperature life (nonoperating): Ta = 125°C, t=340h 


Group B-5: LTPD is 7 for JAN, 5 for JANTX and JANTXV 
Steady-state operating life: t= 340 h 
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4N22, 4N22A, 4N23, 4N23A, 4N24, 4N24A 
JAN, JANTX, AND JANTXV PROCESSING AND LOT ACCEPTANCE 
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MIL-STD-750 
TEST METHOD 


TEST 
(PER MIL-S-19500/486A) 
(Group C tests are run on one lot every six months) 
Group C-1 

Barometric pressure: LTPD = 10 


JANTX | JANTXV 


Group C-2 
Physical dimensions: LTPD = 20 


Group C-3 (MIL-STD 202, Method 215) 


Resistance to solvents: LTPD = 10 x 
Group C-4 
Terminal strength: LTPD = 10 2036 Cond. E x 
Group C-5 
Salt atmosphere: LTPD = 10 x 
Group C-6 
High-temperature life (nonoperating): Ta = 125°C, t = 1000 h, 1032 x 
LTPD is 7 for JAN, 5 for JANTX and JANTXV 
Group C-7 
Steady-state operating life: t = 1000 h, LTPD is 7 for JAN, x 
5 for JANTX and JANTXV 
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4N25, 4N26, 4N27, 4N28 
OPTOCOUPLERS 


D2493, SEPTEMBER 1978—REVISED MARCH 1983 


COMPATIBLE WITH STANDARD TTL INTEGRATED CIRCUITS 


@ Gallium Arsenide Diode Infrared Source Optically Coupled to a 
Silicon N-P-N Phototransistor 

High Direct-Current Transfer Ratio 
High-Voltage Electrical Isolation . . . 2.5-kV, 1.5-kV, or 0.5-kV Rating 
Plastic Dual-In-Line Package 


High-Speed Switching . . . tr = 2 us, te = 2 us Typical 


mechanical data 


The package consists of a gallium arsenide infrared-emitting diode and an n-p-n silicon phototransistor mounted on 
a 6-lead frame encapsulated within an electrically nonconductive plastic compound. The case will withstand soldering 
temperature with no deformation and device performance characteristics remain stable when operated in high-humidity 
conditions. Unit weight is approximately 0.52 grams. 


9.40 10.370) 
838 (0.330) 


NOTES: 
a. Leads are within 0,127 (0.005) radius of true position 
(T.P.) with maximum material condition and unit 


7,82 (0.300) Tp. 
(See Now a) 

681 (0.260) 
6.09 10.240) 


1,01 (0,040) 
Min 


381 (0.150) 

Sv7T0128) apt aces 9.594 (0.021) 
O31 10.015) 
6 


2.84 (0.100) TP — PLACES 


installed. 
. Pin 1 identified by index dot. 


. Terminal connections: 
. Anode 
. Cathode 
. No internal connection 
. Emitter 
- Collector 
. Base 


Infrared-emitting 
diode 


Phototransistor 


WwW 


(See Note a} 


FALLS WITHIN JEDEC MO-001AM DIMENSIONS 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Optocouplers (Isolators) 


*Peak Input-to-Output Voltagerv4N29) ccs 26). 5 apis tetiteteie deeds Ry SLEW CISA MSU MSs os ce eee ee eee +2.5 kV 
EE bm Hall ag OS bp ees a ME OSS EULER MG 6K cae ss 5 +1.5 kV 
EU re es on cb ielis asda sigan ca eane +0.5 kV 
PL OUSCTOS-AOM WOREID ee acre sci ciaicis x SES Pe ee ee atten e ob Meats as biaih od Dieta as Dulactie a cease se 7OV 
*Collector-Emitter Voltage: (508 MGTIO U5 OS cc sc ce ee ns erase eta dy od Sate ew SNK Grace Siss ee as 8 30 V 
RECT NE RESTATE NINTH es een arts ik og 773% 50d GPA 5 cholate purus, BS iigediS. Srgl pA iol ieise RRP SRAL Aas) Oue.-e 9:9 woe wei 7V 
Eorrnittior= leis WER sae a re asin a toy 3a je SRST EN Fk opie rials 5.8 le dhs Monae Ss euel wus 4 ese 7V 
DIOP UOMO Tem <a ua Gere vote eis ax Seca ie x cose Iseetes. Ravn SMM TN eC SoG sake SMERNOMD aleaagaasecestuh > ahne a osh 3V 
*Input-Diode Continuous Forward Current at (or below) 25°C Free-Air Temperature (See Note 2) 80 mA 
*Input-Diode Peak Forward Current (tw = 300 us, duty cycle = 2%) ........... cee eee ee ee eee 3A 
*Continuous Power Dissipation at (or below) 25°C Free-Air Temperature: 
lnfrared-Emitting) Dios tsee Note S)e 450, 0.5 i. acs. PPP Mw ie oe ead ew dic dae Beene 150 mW 
PPRRCrRRSeL SPER CUPUTIIRENIND | alse s Seah Gletcls mig we SIDR FA Ses SA WAscmddee ee eee 150 mW 
Total, Infrared-Emitting Diode plus Phototransistor (See Note 4) ................ 0. eee eee 250 mW 
*Storagde TEmMpataeevAANGe) . .. gle Moe «os nse 0s gine Denials Mae wie aiele. 00-0 wines 0 agp -—55°C to 150°C 
*Lead Temperature 1,6 mm (1/16 inch) from Case for 10 Seconds .............. 000 e cece cence 260°C 


*JEDEC registered data. This data sheet contains all applicable JEDEC-registered data in effect at the time of publication. 
NOTES: 1. This value applies when the base-emitter diode is open-circulated. 

2. Derate linearly to 100°C free-air temperature at the rate of 1.33 mA/°C. 

3. Derate linearly to 100°C free-air temperature at the rate of 2 mW/°C. 

4. Derate linearly to 100°C free-air temperature at the rate of 3.33 mW/°C. 
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PRODUCTION DATA documents contain information 
current as of publication date. Products conform to Ti 
specifications per the terms of Texas Instruments E 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS [|_an26, an26_| acer ans 
MIN TYP MAX| MIN TYP MAX 


On-State Collector Current 4 
(Phototransistor Operation) 
On-State Collector Current 


Vcp = 10 V, Ile = O, Ip = 1 A 
(Photodiode Operation) cB B= Ole a | bal wade 


Off-State Collector Current 
(Phototransistor Operation) 

Off-State Collector current nd Opi piend 
(Photodiode Operation) 

Input Diode Static Forward Voltage 


3 
*VCE(sat) Collector-Emitter Saturation Voltage |Ic = 2 mA, 0.25 0.5 


i +2.5 kV for 4N25, 
+1.5 kV for 4N26, 4N27, 
Input-to-Output Internal resistance +0.5 kV for 4N28, 
See Note 5 
ea a 


Input-to-Output Capacitance 


*JEDEC registered data 
NOTE 5: These parameters are measured between both input diode leads shorted together and all the phototransistor leads shorted together. 


switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS UNIT 
romano | Veo =10¥, =O, Clay — 2mA, 
tf Fall Time Operation RL = 100, See Test Circuit A of Figure 1 5 


tr Rise Time Photodiode Vcc = 10 V, Ie = 0, Icion) = 20 nA, 


tf Fall Time Operation RL = 1 kQ, See Test Circuit B of Figure 1 


PARAMETER MEASUREMENT INFORMATION 


Adjust amplitude of input pulse for: 
Ic(on) = 2 MA (Test Circuit A) or 
IC(on) = 20 uA (Test Circuit B) 


INPUT 
472 o j | 472 
INPUT INPUT 
OUTPUT 
(See Note b) ot fe 
RL = 100 2 \ 1 OUTPUT H ! OUTPUT 
(See Note b) 
| 
= i] = 
' 
10% 10% 
TEST CIRCUITA TEST CIRCUIT B 
PHOTOTRANSISTOR OPERATION VOLTAGE WAVEFORMS PHOTODIODE OPERATION 


NOTES: a. The input waveform is supplied by a generator with the foliowing characteristics: Zout = 502, ty < 15 ns, duty cycle ~ 1%, 
tw = 100 us. 
b. The output waveform is monitored on an oscilloscope with the following characteristics; ty < 12 ns, Rin > 1 MQ, Cin < 20 pF. 


FIGURE 1 — SWITCHING TIMES 
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4N35, 4N36, 4N37 
OPTOCOUPLERS 


D2657, NOVEMBER 1981—REVISED APRIL 1983 


COMPATIBLE WITH STANDARD TTL INTEGRATED CIRCUITS 


Gallium Arsenide mee! lee pha e Plastic Dual-In-Line Package 
Optically Coupled to a Silicon N-P- ‘ Pa 
Pigtotedinta e High-Speed Switching: ty = 7 ys, 


tf = 7 us Typical 


High Direct-Current Transfer Ratio 
eee ee e Typical Applications Include Remote 


High-Voltage Electrical Isolation... 1.5 kV, Terminal Isolation, SCR and Triac Triggers, 
2.5 kV, or 3.55 kV Rating Mechanical Relays, and Pulse Transformers 


mechanical 


The package consists of a gallium arsenide infrared-emitting diode and an n-p-n silicon phototransistor mounted on a 
6-lead frame encapsulated within an electrically nonconductive plastic compound. The case will withstand soldering 
temperature with no deformation and device performance characteristics remain stable when operated in high-humidity 
conditions. Unit weight is approximately 0.52 grams. 


9,40 (0.370) 
638 (0.330) 


©O®@ NOTES: 
a. Leads are within 0,13 mm (0.005 inch) radius of 
i i i eria 
+ INDEX DOT true position (T.P.) with maximum material 
FRE NO-A00 TP. eee condition and unit installed. 
(See Note a) 3 a 
_ 6,61 (0.260) (0) ® @™nere . Pin 1 identified by index dot. 
6.09 (0.240) . Terminal connections: 
5,46 (0.215) 
732 115) _1,78 10.070) max . Anode Infrared-emitting 
6 PLACES . Cathode diode 
. No internal connection 


— SEATING PLANE 
pee mom wa Gare a al Phototransistor 
6,203 (0.008) 851 (0.020) — —_ . Collector 
— (0.090) 
3.81 (0.150) Foo . Base 
T1710. 125) 4 PLACES 0.534 (0.021) 
0.387 (0.015) 


2,84 (0.100) T.?- —— G PLACES 
(See Note a) 


FALLS WITHIN JEDEC MO-001AM DIMENSIONS 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


4N35 4N36 4N37 


Input-to-Output Peak Voltage (8-ms half sine wave)  ...........--..000 eee eae 3.55kV 2.5kV 1.5kV 
Input-to-Output Root-Mean-Square Voltage (8-ms half sine wave) .............. 2.5kV 1.75kV 1.05kV 
‘Collector-Base Voltage” Bi. 25.66 aes: echt 4 ese + AEBS Sp ae, ee ae isos wey te 7) $= 
Gelleetor-Emitter-Voltage(See:‘Note-+)- i535. ei ee ee ew rev ree tees ja 30 VV 
Emitter Base Vola rr er os 0 2 Se seed: ret ee eee os resies pew << NSS ee 
Input Diode: Revere Vialtates eh discs ee nen ee Ses avis pS tue a PN ——— 6 
Input-Diode Forward Current: Continuous) ...... 2... 2. ee eee ee eee eee @———— 60. mA 
Peak,(4.u6,-300-pps) ——~ -.- 6 se0 iy erage een ertieimes Sere 3. A 
Phototransistor Continuous Collector Current ...........2 002 e ee eee eens + 100 mA ——_> 
Continuous Power Dissipation at (or below) 25°C Free-Air Temperature: 
Infrared-Emitting'Diode (See Note 2). PSII Be ce eee <\—Y 100 mw ———_© 
Phototransistor: (Sep Note Shar pets... kk Ph 5. deerenmoreennnane @2==—— 300. 0nW.—— 
Continuous Power Dissipation at (or below) 25°C Lead Temperature: 
Iinfrared-Emitting Diode (See-Note 4) on. og oi owe eh we es we a— 100 mw ———_& 
PICO CRS RE MRO TONINN cog ccs 6.2, 4, 0d le Sip ocn hn ete aire Ba we = 500 oW 
RACES TUIE, PRITITIOU CERIN NINE es Sone ear ee Rd, 4) cee as cousin Raid aie aabe Son djawigle Wa @ 55°C to 150°C —> 
Operativig: Temperatare tangas Ss a kaee \ dias s fae eel a ale ale a eet Wend & wd <— —55°C to 100°C —e 
Lead Temperature 1,6 mm (1/16 inch) from Case for 10 Seconds .............. <-—-260°c ———> 
. This value applies when the base-emitter diode is open-circuited. 


1 

2. Derate linearly to 100°C free-air temperature at the rate of 1.33 mw/*C. 

3. Derate linearly to 100°C free-air temperature at the rate of 4 mw/C. 

4. Derate linearly to 100°C lead temperature at the rate of 1.33 mwW/*C. Lead temperature is measured on the collector lead 0.8 mm 
(1/32 inch) from the case. 

5. Derate linearly to 100°C lead temperature at the rate of 6.7 mW/°C. 


*JEDEC registered data. This sheet contains all applicable registered data in effect at the time of publication. 
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4N35, 4N36, 4N37 
OPTOCOUPLERS 


electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS MIN TYP UNIT 
Collector-Base I¢ = 100 HA, 
v 
“agi Breskoown Voltage Lara er 
Collector-Emitter I¢ = 10 mA, Ip= 
Vv Vv 
akin Breakdown Voltage IF =o eee ae 
v Emitter-Base le = 100 nA, Ic = 
(BR)EBO Breakdown Voltage Ip =0 
Input Diode Static 
' Vv Vv 
R Reverse Current eee aL 
lio Input-to-Output Current Vio = rated peak value, t = 8 ms ae 100 TA al 
On-State Collector Current ip 
Ta = 55°C 
Ip =10mA 
Ta = 100°C 
Off-State Collector Current TA 
' F= 
BE FAS 100°C *- MESES 
Transistor Static 
hre Forward Current 
Transfer Ratio 
. Input Diode Static Ip = 10 mA, Ta = —55°C [Se RS ee 
F Forward Voltage Ip = 10mA, 
Ta = 100°C 0:7" 1.4* 
Collector-Emitter Ic = 0.5 mA, Ie =10 mA, 
VCE (sat) : = . ¥ 
Saturation Voltage Ig=0 
Input-to-Output Vio = 500 Vv, See Note 6 
Internal Resistance 
Input-to-Output Vio =9, 
Capacitance See Note 6 


NOTE 6: These parameters are measured between both input-diode leads shorted together and all the phototransistor leads shorted together. 


*switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS MIN TYP esol 


ton Turn-on time ig(on) = 2mMA, 
See Figure 1 


loff Turn-off time 


*JEDEC registered data. 
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4N35, 4N36, 4N37 
OPTOCOUPLERS 


NOTES: 


Ic(oft)—Off-State Collector Current—nA 


PARAMETER MEASUREMENT INFORMATION 


Adjust amplitude of input pulse for 
'c(on) = 2mA 


472 0 J | 


INPUT 1 
bke—} ton 

OUTPUT i] t 

(See Note b) | 

RL = 1002 1 


TEST CIRCUIT 


OUTPUT 


VOLTAGE WAVEFORMS 


a. The input waveform is supplied by a generator with the following characteristics: Zoy, = 50 82, t; < 15 ns, duty cycle ~ 1%, 


tw = 100 us. 


b,. The output waveform is monitored on an oscilloscope with the following characteristics: tp < 12 ns, Rin 2 1 M&2, Cin S 20 pF 


OFF-STATE COLLECTOR CURRENT 


vs 
FREE-AIR TEMPERATURE 


10 20 30 40 50 60 70 80 90 
Ta—Free-Air Temperature—°C 


FIGURE 2 


FIGURE 1—SWITCHING TIMES 


TYPICAL CHARACTERISTICS 


NORMALIZED TRANSISTOR STATIC FORWARD 


CURRENT TRANSFER RATIO 
vs 


ON-STATE COLLECTOR CURRENT 


Normalized to 1.0 
atig= 1 mA 


010204 1 2 4 10 20 40 100 
‘C(on)—On-State Collector Current—mA 


FIGURE 3 


Normalized Static Forward Current Transfer Ratio—hre 


I¢—Collector Current—mA 


ooo 
= No 


Ww 


COLLECTOR CURRENT 
vs 


MODULATION FREQUENCY 


Optocouplers (Isolators) 


Teas 
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1 4 10 40 100 400 1000 
fmod—Modulation Frequency—kHz 
FIGURE 4 
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4N35, 4N36, 4N37 
OPTOCOUPLERS 


TYPICAL CHARACTERISTICS 


INPUT DIODE FORWARD 
CONDUCTION CHARACTERISTICS 


TA 


|¢—Forward Current—mA 


0 0.2 04 06 0.8 1.0 1.2 14 1.6 1.8 2.0 


VF—Forward Voltage—V 
FIGURE 5 


COLLECTOR CURRENT 
vs 
COLLECTOR-EMITTER VOLTAGE 


ey 
oO 


I¢—Collector Current—mA 
w 
=) 


O 2.4 AG sei 
VcegE—Collector-Emitter Voltage—V 


12 14 16 18 20 


FIGURE 7 


NOTES: 


I¢—Collector Current—mA 


295°C 


Collector Current Relative to Value at Ta 


COLLECTOR CURRENT 
vs 
INPUT-DIODE FORWARD CURRENT 


|p—Forward Current—mA 
FIGURE 6 


RELATIVE ON-STATE COLLECTOR CURRENT 
vs 
FREE-AIR TEMPERATURE 


—75 100 125 


-50 -25 0 25 50 75 


Ta—Free-Air Temperature—C 
FIGURE 8 


7. Pulse operation of input diode is required for operation beyond limits shown by dotted lines. 


8. These parameters were measured using pulse techniques. ty, = 1 ms, duty cycle < 2%. 


TEXAS 
INSTRUME 
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4N47, 4N48, 4N49 
OPTOCOUPLERS 


D2413, FEBRUARY 1978 — REVISED SEPTEMBER 1981 


GALLIUM ARSENIDE DIODE INFRARED SOURCE OPTICALLY COUPLED 
TO A HIGH-GAIN N-P-N SILICON PHOTOTRANSISTOR 


e JAN, JANTX, JANTXV Versions Available 
e Very High Current Transfer Ratio... 500% Typical (4N49) 
e Photon Coupling for Isolator Applications 
e Base Lead Provided for Conventional Transistor Biasing 
e High-Speed Photodiode-Mode Operation 
e High-Voltage Electrical Isolation . . . 1-kV Rating 
e Stable over Wide Temperature Range 
e Hermetically Sealed Package 
description 


This optocoupler features an improved current transfer ratio (CTR) at an input of one milliampere making 
it ideal for coupling with isolation from low-output MOS and CMOS devices to power devices or other 
systems. Typical applications include motor-speed controls, numeric systems, meters, and instrumentation. 


*mechanical data 


Ww 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


4,70 (0.185) 6 LEADS 
3:34 (0-158) 0.483 (0.019) p14 
1,02 (0.040) | 0.406 (0.016) 
ei MAX 
it. 


8,51 (0.335) 9,40 (0.370) 

pad — DIA 

7,74 (0.305) 8.51 (0.335) 1.14 (0.045) 
4 


0,73 10.028) 


0,864 (0.034) 
0,711 (0.028) 


(See Note b) 


. All linear dimensions are in millimeters and parenthetically in inches. 

. Leads having maximum diameter shall be within 0,18 mm (0.007 inches) of true position 
relative to a maximum-width tab when measured in the gaging plane between 1,371 mm 
(0.054 inches) and 1,397 mm (0.055 inches) below the seating plane. 


Optocouplers (Isolators) 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


ieput-te-Gutant eeteieen ised < . ere) iigc- » -Raplens Wade hauwW $e ee se ek ws SEV 
Se ear. USO es, ean ae vee <a TG REC, Tb nnn—aneee |" f 
Collector-Base Voltage oar. es GS a) a ee es Eee ee fk es en 
Emitter-Base Voltage .. ee: OI ee CS ae eo. oe | 
Input Diode Reverse Voltege ar x miciayiriwome™ 
Input Diode Continuous Forward aint at ie baiteowt 65° c Frain Lanaacine (See Note 1) soe s —~40yHA 
Gontinuous Collector: Cutrent—. are, 1 RD ww fk) Ret meas . SOMA 
Peak Diode Current (See Note 2) ets. oy a See 1A 
Continuous Transistor Power Dissipation at law tole) 25° c Frid: Air Tonpeleutd (See Note 3) ST ae 300 mW 
Operating .F reesAig ci Givi perature Aan Qe eespe my e10 pee re ten erent ee ev enge taney —55°C to 125°C 
Storage Temperature Range . . Bal er, See. Aeeermnea tt BBA to taEC 
Lead Temperature 1/16 Inch (1.6 sisi esi aes me 10 ‘Sactiniels Be Len got de We 


NOTES: 1. Derate linearly to 125°C free-air temperature at the rate of 0.67 mA/*C. 
2. This values applies for t,, < 1 us, PRR < 300 pps. 
3. Derate linearly to 125°C free-air temperature at the rate of 3 mw/*c. 
“JEDEC registered data, This data sheet contains all applicable JEDEC registered data in effect at the time of publication. 
PRODUCTION DATA documents contain information z Copyright © 1981, Texas Instruments Incorporated 
roducts conform to 4 
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*electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


aay Se ee ars ee 
PARAMETER TEST CONDITION MIN TYP MAS X|MIN TYP MAX 


Collector-Base 


Vv 
(BRICBO Breakdown Voltage 


Collector-Emitter 
Breakdown Voltage 
Emitter-Base te = 100 uA, Ic = 0, 


v 7 
(BRIEBO Beakdown Voltage | If =0 


! t Diode Static 
Ir Sagpeete Va-2V 
Reverse Current 
ier ins pail ea 


—— 
Collector Current 


V(BR)CEO 


ES 
re 2 
2 
7 
= 
> 


» Voce =5V, 
(Phototransistor Mode) Ip=2imAa, Ta = 100°C ee 
Vce=5V, 1g = 0, 


On-State 
Collector Current 
(Photodiode Mode) 


w 
°o 
ao 
°o 


Off-State 
ICloff) Collector Current 


(Phototransistor Mode) 


Off-State 
Collector Current 
(Photodiode Mode) 


'Cloff) 


Input Diode Static 


Ve Ip = 10mA 08 14 15/08 #14 15) 08 14 15 
Forward Voltage CJ 
Ip = 10 mA, Ta = 100°C 0.7 2") 07 43 | 07 1.3 


I¢=0.5mA, tg = 0, 
Ic=1mA, 1g =0, 
Ip=2mA 


Ic =2mA, Ip = 0, 
lp=2mA 
fio rore fot sore fiott sore | 


Collector-Emitter 


Vv 
CE(sat) Saturation Voltage 


Input-to-Output 
= Capacitance See Note 5 


PARAMETER 


a aaa em ene AR 
MIN TYP MAX|MIN TYP MAX|MIN TYP MAX ° 


t Rise Time Voc = 10V, > lE(on) = SMA, 


i” 
Veg=10¥,  Ingeg 8X, 


NOTES: 4. This parameter must be measured using pulse techniques, tw = 100 us, duty cycle < 1%, 
5. These parameters are measured between all the input diode leads shorted together and all the phototransistor leads shorted together. 
*JEDEC registered data 


. 
. 
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4N47, 4N48, 4N49 
OPTOCOUPLERS 


PARAMETER MEASUREMENT INFORMATION 


Adjust amplitude of input pulse for 
lF(on) =5MA 


INPUT 
OUTPUT 
{See Note b) 
TEST CIRCUIT A TEST CIRCUIT B 
PHOTOTRANSISTOR OPERATION VOLTAGE WAVEFORMS PHOTODIODE OPERATION 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: Zoyz = 50 2, ty < 15 ns, duty cycle = 1%. For 
Test Circuit A, ty = 100 us. For Test Circuit B, ty = 1 us. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: tr < 12 ns, Rin > 1MS2, Cin < 20 PF. 


FIGURE 1—SWITCHING TIMES 


TYPICAL CHARACTERISTICS 


INPUT DIODE FORWARD CONDUCTION CHARACTERISTICS 
10 


no BW fF a Dn BO © 


\¢—Forward Current—mA 


VF—Forward Voltage—V 


FIGURE 2 
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4N47, 4N48, 4N49 


OPTOCOUPLERS 
TYPICAL CHARACTERISTICS 
4nas 4nas 
COLLECTOR CURRENT COLLECTOR CURRENT 
vs vs 
COLLECTOR-EMITTER VOLTAGE COLLECTOR-EMITTER VOLTAGE 


Ip=0 Ip =10mA 
Ta = 25°C 
See Note 6 


I¢—Collector Current—mA 


I¢—Collector Current—mA 


VcE-—Collector-Emitter Voltage—V VcE-—Collector-Emitter Voltage—V 
FIGURE 3 FIGURE 4 
4n4g8 4N48 


COLLECTOR CURRENT 
vs 
COLLECTOR-EMITTER VOLTAGE 


COLLECTOR CURRENT 
vs 
COLLECTOR-EMITTER VOLTAGE 


(Sao}e]OS}) siajdnos0}dQ He) 


Collector Current—mA 
Ic—Collector Current—mA 


Ic= 


%5 0.1 0.2 0.3 0.4 0.5 
VcE—Collector-Emitter Voltage—V VceE-—Collector-Emitter Voltage—V 
FIGURES5 FIGURE 6 
NOTE 6: This parameter was measured using pulse techniques. ty, = 100 us, duty cycle = 1%. 
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I¢—Collector Current—mA 


I¢—Collector Current—vA 


4N47, 4N48, 4N49 
OPTOCOUPLERS 


TYPICAL CHARACTERISTICS 


4N48 
COLLECTOR CURRENT 
vs 
INPUT DIODE FORWARD CURRENT 


at 02 62 @F-1 2 4 7 10 
!p—Forward Current—mA 
FIGURE 7 


COLLECTOR CURRENT 
vs 
COLLECTOR-BASE VOLTAGE 
(PHOTODIODE OPERATION) 


Gein Ip = 10mA 
le =0,TA=25C__Ip=9mA 


80 


70 

Wael pee 
1 seal ete) 8 4 
of ee 
a eee 
ie Cee 
=e 


iS Sa 


) | Sa A Les 


0 1 2 aed eo 5 
Vcp-—Collector-Base Voltage—V 
FIGURE 9 


I¢—Collector Current—mA 


25°C 


Collector Current Relative to Value at TA 


16 


4N48 


TRANSISTOR COLLECTOR CHARACTERISTICS 


IlpF=0 


14 |-—Ta=25°C "= 
* See Note 6 a : 
| eae 
8 Pes Sea 
il Zz 
z= 
5 Sans eee 
—a=— 

, Vce-Calastr miter Vaioy-V ; 


RELATIVE ON-STATE COLLECTOR CURRENT 
vs 
FREE-AIR TEMPERATURE 


-—75 —5b0 —25 0 25 60 75 


Ta—F ree-Air Temperature—C 
FIGURE 10 


NOTE 6: This parameter was measured using pulse techniques. ty, = 100 us, duty cycle = 1%. 
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4N47, 4N48, 4N49 
JAN, JANTX, AND JANTXV PROCESSING 


This processing applies only to optocouplers ordered under part numbers shown below: 


JAN4N47, JANTX4N47, JANTXV4N47 
JAN4N48, JANTX4N48, JANTXV4N48 
JAN4N49, JANTX4N49, JANTXV4N49 


TEST MIL-STD-750 
JAN JANTX | JANTXV 
(PER MIL-S-19500/548) TEST METHOD 


100% Processing 


Internal Visual 2072 
Storage: Ta = 125°C, t = 24 hr 1032 
Temperature Cycle: —55°C to 125°C, 10 cycles 1051 
Constant Acceleration: 20,000 G, Y4 axis 2006 
High-Temperature Reverse Bias: 

Ip = 0, Ta = 125°C, Veg = 36 V, t=48 hr 1039 
Power Burn-in: lr = 40 mA, Pp = 275 +25 mW, 


t = 168 hr 
Hermetic Seal, Fine 
Hermetic Seal, Gross 
Monitored Thermal Shock 


1039 
1071 Cond. G or H 
1071 Cond. C or D 
Para. 4.2.1.1.* 


Ww 


External Visual 2071 


Product Acceptance 
Group A: LTPD = 5 
External Visual 2071 
Electrical: Ta = 25°C as needed 
Electrical: Ta = 100°C as needed 
Electrical: Ta = —55°C as needed 


Group B-1: LTPD = 15 
Solderability 
Resistance to Solvents 


Group B-2: LTPD = 10 
Thermal Shock 1051 Cond. B-1 
Hermetic Seal, Fine 1071 Cond. G or H 
Hermetic Seal, Gross 1071 Cond. C or D 


Optocouplers (Isolators) 


Group B-3: 
Isolation Voltage: Vig = 150 V, Ta = 125°C, 
t = 24, LTPD = 20 
Steady State Operating Life: t = 340 hr, LTPD = 5 


Group B-4: 
Decap, Internal Visual; Design Verification 
1 Device/O Failure 2075 
Bond Strength LTPD = 20 (C = 0) 2037 Cond. A 


Group B-5: Not Applicable 


Group B-6: LTPD = 7 
High-Temperature Life (Nonoperating) 
t = 340 hr 


*MIL-S-19500/548 


4 
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TEST MIL-STD-750 
JAN JANTX 
(PER MIL-S-19500/548) TEST METHOD | avr 


(Group C Tests are run on one lot every six months) 


Group C-1: LTPD = 15 
Physical Dimensions 


Group C-2: LTPD = 10 
Thermal Shock (Glass Strain) 
Terminal Strength 
Hermetic Seal, Fine 
Hermetic Seal, Gross 
Moisture Resistance 
External Visual 


Group C-3: LTPD = 10 
Shock: 1500 G 
Vibration: 50 G 
Acceleration: 30000 G 


Group C-4: LTPD = 15 
Salt Atmosphere 


Group C-5: Not Applicable 


Group C-6: A = 10 
Steady State Operating Life 


1056 Cond. A 
2036 Cond. E 
1071 Cond. G or H 
1071 Cond. C or D 
1021 
2071 
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6N135, 6N136, HCPL4502 
OPTOCOUPLERS/OPTOISOLATORS 


D2918, JULY 1986—REVISED JULY 1989 


Compatible with TTL Inputs 
High-Speed Switching . . . 1 Mbit/s Typ 
Bandwidth . . . 2 MHz Typ 


High-Voltage Electrical 
Insulation . . . 3000 V DC Min 


Open-Collector Output 
UL Recognized . . . File Number 65085 


High Common-Mode Transient 
Immunity . . . 1000 V/us Typ 


description 


These high-speed optocouplers are designed for use in analog or digital interface applications that require 
high-voltage isolation between the input and output. Applications include line receivers that require high 
common-mode transient immunity, and analog or logic circuits that require input-to-output electrical 
isolation. 


The 6N135, 6N136, and HCPL4502 optocouplers each consists of a light-emitting diode and an integrated 
photon detector composed of a photodiode and an open-collector output transistor. Separate connections 
are provided for the photodiode bias and the transistor collector output. This feature, which reduces the 
transistor base-to-collector capacitance, results in speeds up to one hundred times that of a conventional 
phototransistor optocoupler. 


The 6N135 is designed for TTL/CMOS, TTL/LSTTL, and wide-band analog applications. 


The 6N136 and HCPL4502 are designed for high-speed TTL/TTL applications. The HCPL4502 has no base 
connection. 


*mechanical data 


Terminal connections: 9.91 (0.390) 
1. No internal connection 9,40 (0.370) 
. Anode Light-emitting 
. Cathode diode ® © © 


No internal connection 


; GND (Emitter) 
. Output 
. Base: 6N135, 6N136 f been 
Open: HCPL4502 
. Vee 
INDEX DOT 
& 


7.87 (0.310) 


7.37 (0.290) ® ® © © 


6,60 (0.260) 


pt al nls 1,78 (0.070) 
6,10 (0.240) ff 114 0.088) 
' : 0,89 (0.035) man} 1,14 (0.045) 


4.70 (0.185) MAX 
L SEATING PLANE 
Senee FNNE 0,84 (0.033) MIN 
0,51 (0. a 
9 ie (0.030) MIN 8 PLACES 
8 PLACES 0,00 (0.000) 


2,92 (0.115) MIN 0,457 +0,076 
0.33 (0.013) \ =] {0.018 + 0.003) 


0.18 (0.007) 1.40 ae 055) 2.79 (0.110) 8 PLACES 
0.76 (0.030) 2.29 (0.090) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 


current as of publication date. Products conform to 
these specifications per the terms of Texas 


Instruments standard warranty. Production 
processing does not necessarily include testing of all INSTRU M ENTS 
parameters. POST OFFICE BOX 655303 - DALLAS, TEXAS 75265 


PRODUCTION DATA documents contain information tis Copyright © 1989, Texas Instruments Incorporated 
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6N135, 6N136, HCPL4502 
OPTOCOUPLERS/OPTOISOLATORS 


schematic 


Gnane = (8) Vec 
(7) BASE: 6N135, 6N136 
OPEN: HCPL4502 
OUTPUT 
catHope 2) 


GND 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


(S40}ejOS]) S4ajdno020}dQ Fa) 


Supply and output voltage range, VCC and VO .... 2 eee ee ee ees -0.5Vto 15 V 
FROME ISS: Ia res Wisteeeeles ate. on ajes oe cane v's (ain cont cee ete mee rN ote Ne Abita iNeed Sad uy op Po 5 ky 5V 
Ervlitter- base Weveras Voltages So. T2092 [OCR PPTs Se Oe ee ee 5V 
Peak input forward current (pulse duration = 1 ms, 50% duty cycle, see Note 1)......... 50 mA 
Peak transient input forward current (pulse duration 1 ws, 300 Hz)....................... 1A 
Average forward input current (see Note 2) ........... 0.00. cee eee eee eee 25 mA 
FIR OUTER GURIIIIE ois ois obama ss adobe ms = ww PIR Re OW acevnthal as Se ae oot ae et es 16 mA 
Average: OUTPUT CURE ics iis ti can hues sens 2 01 Mabls ST I TTS: wa Somtaeais oF aE Tei o. 8 mA 
OOS COUNTRIES sy o.c ne cles © 0.0 wan ae Sine aioe aie bao G bu ha eal ems tok cee os 5 mA 
Input power dissipation at (or below) 70°C free-air temperature (see Note 3)............ 45 mW 
Output power dissipation at (or below) 70°C free-air temperature (see Note 4) ......... 100 mW 
Storage 46minerative irae 5 oes tal ee Sk Seekers Be or ath Grate anerdes wend ee —55°C to 125°C 
Operating free-air temperature range: . «2 ..< ayes kee ced ees Uslnnle pees -—5§5°C to 100°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds................0050005 260°C 


*JEDEC registered data for 6N135 and 6N136 
NOTES: 1. Derate linearly above 70°C free-air temperature at the rate of 1.67 mA/°C. 


2. Derate linearly above 70°C free-air temperature at the rate of 0.83 mA/°C. 
3. Derate linearly above 70°C free-air temperature at the rate of 1.50 mW/°C. 
4. Derate linearly above 70°C free-air temperature at the rate of 3.33 mW/°C. 


3-34 


xas WO 
INSTRUMENTS 


POST OFFICE BOX 655303 - DALLAS. TEXAS 75265 


6N135, 6N136, HCPL4502 
OPTOCOUPLERS/OPTOISOLATORS 


electrical characteristics over operating free-air temperature range of 0°C to 70°C (unless otherwise 


noted) 


PARAMETER 


“Ve Input forward voltage Ip = 16 mA, 


Temperature coefficient 


er of forward voltage 


*Ver_ Input breakdown voltage = 10 pA, 


Low-level output voltage 


*loH High-level output current 


1OH High-level output current 


Supply current, 
high-level output 


Supply current, 
high-level output 


Supply current, 
low-level output 


Transistor 


hee forward current 
transfer ratio 


*CTR Current transfer ratio 


Current transfer ratio 


input-output 
"10 resistance 
input-output 
*lio __ insulation 
leakage current 
Input capacitance 
input-output 
capacitance 


TAIl typical values are at Ta = 


= 4.5V, 
= 16 mA, 
Ta = 25°C, 
Vec = 4.5 V, 
= 16 mA, 
See Note 5 
Vio = 500 V, 
See Note 6 


Vio = 3000 Vv, 


Ta = 25°C, 
See Note 6 


1 MHz, 


25°C. 


*JEDEC registered data for 6N135 and 6N136 
NOTES: 5. Current transfer ratio is defined as the ratio of output collector current Ig to the forward LED input current If times 100%. 
6. These parameters are measured between pins 2 and 3 shorted together and pins 5, 6, 7, and 8 shorted together. 


TEST CONDITIONS 


= 25°C 


Ta = 25°C 


lo. = 1.1 mA 
lo = 2.4 mA 
Vec = =5.5V 
Vec = Vo = 15 V 


Ww 


IB = 
See Note 5 
Vo = 


t= 


Optocouplers (Isolators) 


1 MHz 


ac] 
n 


See Note 6 
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operating characteristics at Vcc = 5 V, IF = 16 mA, Ta = 25°C 


PARAMETER TEST CONDITIONS a eee UNIT 
MIN TYP MAX | MIN TYP MAX 
BW Bandwidth (—3 4B) EE ee eS eS ee 


NOTE 7: Bandwidth is the range of frequencies within which the ac output voltage is not more than 3 dB below the low-frequency value. 


switching characteristics at Vcc = 5 V. IF = 16 mA, Ta = 25°C (unless otherwise noted) 


PARAME T CONDITIONS 
TER TEBE MIN TYP MAX MIN TYP MAX 


UNIT 
RL = 4.1 ka, See Note 8, 
Propagation delay time,| See Figure 1 
low-to-high-level output} RL = 1.9 kQ, See Note 9, 06 08 ae 
See Figure 1 : > 
us 
0.6 0.8 


1.0 1,5 
= 4.1 kQ, See Note 8, 
a . a 0.7 1.5 
Propagation delay time,| See Figure 1 
high-to-low-level output} RL = 1.9 kQ, See Note 9, 
See Figure 1 


AVcom = 10V, Ip = 0, 
Ry = 4.1 kQ, See Notes 8 and 


Common-mode input See Figure 2 10, 


AVcom = 10 V, Ry, = 4.1 kQ, 
See Figure 2, See Notes 8 and 10, 
AVcm = 10V, Ry = 1.9kQ, 
See Figure 2, See Notes 9 and 10 


Common-mode input 
transient immunity, 
low-level output 


transient immunity, i | Ramee V 
gatiaare ¥:  TaVem= 10V, Ie = 0, ae 
high-level output 

RL = 1.9 kQ, See Notes 9 and 10, 

See Figure 2 


*JEDEC registered data for 6N135 and 6N136 
NOTES: 8. The 4.1-kQ load represents one LSTTL unit load of 0.36 mA and a 6.1-kQ pullup resistor. 


9. The 1.9-kQ@ load represents one TTL unit load of 1.6 mA and a 5.6-k2 pullup resistor. 


10. Common-mode transient immunity, high-level output, is the maximum rate of rise of the common-mode input voltage that 
does not cause the output voltage to drop below 2 V. Common-mode input transient immunity, low-level output, is the maximum 
rate of fall of the common-mode input voltage that does not cause the output voltage to rise above 0.8 V. 
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6N135, 6N136, HCPL4502 
OPTOCOUPLERS/OPTOISOLATORS 


PARAMETER MEASUREMENT INFORMATION 


PULSE 
GENERATOR 
Zo = 502 
ty = Sns 


RL 


Cl = 15 pF 
(See Note A) 


GND 


INPUT 
CURRENT 


OUTPUT 
VOLTAGE 


| 
| 
tH ke le tPLH 
WAVEFORMS 


NOTE A: Cy includes probe and stray capacitance. 


FIGURE 1. SWITCHING TEST CIRCUIT AND WAVEFORMS 


Optocouplers (Isolators) ite 
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6N135, 6N136, HCPL4502 
OPTOCOUPLERS/OPTOISOLATORS 


PARAMETER MEASUREMENT INFORMATION 


5V 
RL 
OUTPUT 
GND 
GENERATOR = 
TEST CIRCUIT 
dVcmM 8V 

dt ty or tf 
ty = 8ns TYP 
te = 8 ns TYP 


OUTPUT $$$ =p. 5 
SWITCH AT A: Ip = 0 


OUTPUT —_—_$_ mre vy 


SWITCH AT B: If = 16 mA 
VOLTAGE WAVEFORMS 
FIGURE 2. TRANSIENT IMMUNITY TEST CIRCUIT AND WAVEFORMS 


(Ss40}BjOS]) siajdnos0}dO A 
& 
a 
za 

ons 
< § 
3 
< 
3 | 
vf | 
a 
& 
8 
& 
3 
z& 
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6N135, 6N136, HCPL4502 
OPTOCOUPLERS/OPTOISOLATORS 


Ip—Forward Current—mA 


CTR—Normalized Current Transfer Ratio 


TYPICAL CHARACTERISTICS 


INPUT DIODE FORWARD CURRENT 
vs 
FORWARD VOLTAGE 


Ve—Forward Voltage—V 
FIGURE 3 
NORMALIZED CURRENT TRANSFER RATIO 


vs 
INPUT DIODE FORWARD CURRENT 


Normalized to IF = 16 mA 


+ 2 4 y 20 40 70 100 
Ip—Forward Current—mA 
FIGURE 5 


!g—Output Current—mA 


CTR—Normalized Current Transfer Ratio 


6N135 
CURRENT TRANSFER CHARACTERISTICS 


Vec = 5V 
Ta = 25°C 


Vo—Output Voltage—V 
FIGURE 4 


NORMALIZED CURRENT TRANSFER RATIO 
vs 
FREE-AIR TEMPERATURE 


0.9 


0.8 


Adal 


60 -40 =20 0 


20 40 60 80 100 
Ta—Free-Air Temperature — °C 


FIGURE 6 
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xas 


E 
INSTRUMENTS 


POST OFFICE BOX 655303 - DALLAS. TEXAS 75265 


3-39 


(ss0}ej0s]) suajdno201dQ Fey) 


6N135, 6N136, HCPL4502 
OPTOCOUPLERS/OPTOISOLATORS 


loH—High-Level Output Current—nA 


Normalized Response—dB 


TYPICAL CHARACTERISTICS 


HIGH-LEVEL OUTPUT CURRENT 
vs 
FREE-AIR TEMPERATURE 


a =— 
ee ee 
es os i | eee ee ee 


0:11 2k] 


-75 -50 -25 O 25 


50 75 100 125 
Ta—Free-Air Temperature — °C 
FIGURE 7 


NORMALIZED FREQUENCY RESPONSE 
vs 


-—10 


-15 


i 


0.4 0.71 2 4 Fr 16 


-20 


-25 


Ip = 


-30 
Ot” 2 
f—Frequency —MHz 


FIGURE 9 


CTR(ac)—Differential Current Transfer Ratio— % 


tPLH. tPHL—Propagation Delay Time—yps 


DIFFERENTIAL CURRENT TRANSFER RATIO 
vs 
INPUT DIODE QUIESCENT FORWARD CURRENT 
30 


6N136 
25 HCPL4502 


Ip—Quiescent Input Current—mA 


FIGURE 8 


PROPAGATION DELAY TIME 
vs 
FREE-AIR TEMPERATURE 


Vcc = 5V 
Ip = 16 mA 
RL = 4.1 kQ for 6N135 
RL = 1.9 kQ for 6N136 


6N136 tpHL 
HCPL4502 " 


0.5 


0.4 


-60-40 -20 0 20 40 60 80 100 


Ta—Free-Air Temperature — °C 


FIGURE 10 
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6N137 
OPTOCOUPLER/OPTOISOLATOR 


D2919, JULY 1986 


Gallium Arsenide Phosphide LED Optically Coupled to 
Integrated Circuit Detector 


Compatible with TTL and LSTTL Inputs 

Low Input Current Required to Turn Output On... 5 mA Max 
High-Voltage Electrical Insulation . . . 3000 V DC Min 
High-Speed Switching . . . 75 ns Max 

Plastic Dual-In-Line Package 

UL Recognized . . . File Number 65085 


description 


The 6N137 optocoupler is designed for use in high-speed digital interfacing applications that require high- 
voltage isolation between the input and output. Applications include line receivers, microprocessors or 
computer interface, digital programming of floating power supplies, motors, and other control systems. 


The 6N137 high-speed optocoupler consists of a GaAsP light-emitting diode and an integrated light detector 
composed of a photodiode, a high-gain amplifier, and a Schottky-clamped open-collector output transistor. 
An input diode forward current of 5 milliamperes will switch the output transistor low, providing an on- 
state drive current of 13 milliamperes (eight 1.6-milliampere TTL loads). A TTL-compatible enable input 
is provided for applications that require output-transistor gating. 


The 6N137 is characterized for operation over the temperature range of O°C to 70°C. 


*mechanical data 


9.91 (0.390) 
Terminal connections: 9,40 (0.370) 
1. No internal connection 
2. Anode \ Light-emitting 
3. Cathode diode 
4. No internal connection 
5. GND 
6. Output 
7. Enable Detector 
8. Voc 


INDEX DOT 


7,87 (0.310) 


7.37 (0.290) ® ® © ® 


6.60 (0.260) 
6,10 (0.240) 1,78 (0.070) 
0,89 (0.035) MIN 1,14 (0.045) 


es 


4.70 (0.185) MAX 


L SEATING PLANE 


GAUGE PLANE —| 0,84 (0.033) MIN 


| 
105° 0,51 (0.020) 
390° 0.76 (0.030) MIN 8 PLACES 


8 PLACES 0,00 (0.000) | 


2,92 (0.115) MIN 0.457 +0.076 
0.33 o.013_4\ (0.018 + 0.003) 


0.18 (0.007) 1.40 (0.055) 2.79 (0.110) 8 PLACES 
0.76 (0.030) 2.29 (0.090) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


*JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 


Copyright © 1986, Texas Instruments Incorporated 


PRODUCTION DATA documents contain information 5 
current as of publication date. Products conform to wy 
Ata ee per ed oa of Texas srigbampeod TEXAS 

standard warranty. Production processing does not 

necessarily include testing of ii Sormuaters: INSTRUMENTS 
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6N137 
OPTOCOUPLER/OPTOISOLATOR 


FUNCTION TABLE logic diagram (positive logic) 


INPUT | ENABLE | OUTPUT (2) 
1 H i ANODE: Vec 
Flon) =< (6) 
IF(off) x H ‘ai OUTPUT 
x L H CATHODE 


(7) 
ENABLE 


*absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Ww 


SUNS) | EC | EN Rh re ae el ae 7V 
FU WESTIRG UIROIEIC VON ihe aa wa ae ae ak MAO ti tl eh aa aS i eRe anid 5V 
Enable input voltage (not to exceed Vcc by more than 500 mV) ..........- ee eee ee aee 5.5 V 
WERDUT VONAGE 2 sas cess he els! Vso orl ae Fish vhG-as GGL S Mei eee Ralelere aie m oeeleusheU eke SAGE sce 6.0! 7V 
Peak forward input current (< 1 ms duration) (Tl-guaranteed value).................. 40 mA 
(JEDEC-registered value) .........0..... 20 mA 

Average forward input current (Tl-guaranteed value) .............. 0002000200 e eee 20 mA 
WEDEC registered vale) )2) se TIE 0 bee >. 10 mA 

Output Current oo eave ee sce wpe © SOUR SOIR BHAT FD A TE 50 mA 
Pe a a ae Sees ere eee a ee 85 mW 
SIGFAQGH tOMPOTSTUNS FANOD. clo n.c cSea tiers auc te and eos ale RSs BIOS la Se es OOS —55°C to 125°C 
Operating free-air temperature: FaMGe .... ce sek Sie eee ete Se Hie oes or eh any ela OER 0°C to 70°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds.............202 5 ee eee 260°C 


*JEDEC registered data 


recommended operating conditions 


Vcc Output supply voltage (see Note 1) 
VIH(EN) High-level enable input voltage (see Note 2) 
VIL(EN) Low-level enable input voltage 


[e) 
lF(on) Input forward current to turn output on 6.3 
IF (off) Input forward current to turn output off [e) 


lo. Low-level (on-state) output current 
Ta Operating free-air temperature 


(S40}BOS]) ssajdnos0}d9 


NOTES: 1. All voltage values are with respect to GND (pin 5). 
2. No external pullup is required at the enable input; an open circuit will establish the high level. 
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6N137 
OPTOCOUPLER/OPTOISOLATOR 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


‘| High-level output t Mee ee RE 
t -level output curren 
OH ? R Vien) = 2V. Ip = 250 nA 


NWHIEN) High-level enable input current Vec = 5.5 V, ViEN) = 2V 


*IIL(EN) | Low-level enable input current Vcc = 5.5 V, ViEN) = 0.5 V 


Vi = 5.5V, Vv 0.5 V 
*ICCH Supply current, high-level output \ ce 0 {EN) 

F= 

Vv = 5.5 V, Vv = 0.5 V, 
*ICCL Supply current, low-level output ye qian (EN) 


Vio = 3000 V, 
“lo Input-output insulation leakage current TA = 25°C, RH = 45%, 


See Note 1 3 
fruit cuineeicetes Vio = 500 V, Ta = 25°C, 
input-output resistan' 
10 : e See Note 1 


Cj Input capacitance Ve = 0, f = 1 MHz 


¢ Input-output itan plasty ue Acs shee 
i input-output capacitance 
ec bas e a See Note 1 


*JEDEC registered data 
T All typical values are at Vcc = 5 V, Ta = 25°C. 
NOTE 1: These parameters are measured between pins 2 and 3 shorted together and pins 5, 6, 7, and 8 shorted together. 


switching characteristics at Vcc = 5 V, Ta = 25°C 


PARAMETER 


for) Propagation delay time, low-to-high-level Ip = 7.5 mA, RL = 3502, 
output, from LED input Ci. = 15 pF, See Figure 1 
*tpeE Propagation delay time, high-to-low level Ip = 7.5 mA, RL = 350 Q, 
output, from LED input Cy = 15 pF, See Figure 1 


4 Propagation delay time, low-to-high level Ip = 7.5 mA, RL = 3509, 
PLHIEN) output, from enable CL = 15 pF, See Figure 2 


TEST CONDITIONS 


Optocouplers (Isolators) 


' Propagation delay time, high-to-low-level Ip = 7.5 mA, RL = 350 2, 25 
PHL(EN) output, from enable Cy = 15 pF; See Figure 2 
Ip = 7. A, = 5 
tr Rise time F ae +. 
CL = 15 pF 


IF=7.5mA, RL = 3509, 


‘ “Pate A ir = 0; 
Common-mode input transient immunity, F 


high-level output 


See Note 2 and Figure 3 
AVcm = —10V, Ip = 5 mA, 
RL = 3509, 

See Note 2 and Figure 3 


Common-mode input transient immunity, 


dt low-level output 


*JEDEC registered data 

NOTE 2: Common-mode input transient immunity, high-level output, is the maximum rate of rise of the common-mode input voltage that 
does not cause the output voltage to drop below 2 V. Common-mode input transient, low-level output, is the maximum rate 
of fall of the common-mode input voltage that does not cause the output voltage to rise above 0.8 V. 


we 
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6N137 
OPTOCOUPLER/OPTOISOLATOR 


PARAMETER MEASUREMENT INFORMATION 


'§ —> 


PULSE 
GENERATOR 
Zo = 502 
t = 5ns 


INPUT 
MONITOR 


472 


TEST CIRCUIT 


— ———350 mV (Ip = 7.5 mA) 
INPUT 
MONITOR eh =e = — ee —— 175 mV (Ip = 3.75 mA) 


OUTPUT 


VOLTAGE WAVEFORMS 
FIGURE 1. tp AND tpy_ FROM LED INPUT TEST CIRCUIT AND WAVEFORMS 


Ip = 7.5 mA—> 


ENABLE 
MONITOR ere 
PULSE L 
0.01 pF 
GENERATOR f 
Zo = 502 
tp = 5ns 


(S410}BjOsS]) S1ajdno90}dQ Ha) 


ENABLE 
INPUT? = Wt ewe 1.5V 
| | ov 
*PHL(EN)-+¢—>1 f+ tPLHiEN) 
| 


Vou 
OUTPUT 


VOLTAGE WAVEFORMS 
FIGURE 2. tpLH(EN) AND tpHL(—EN) FROM ENABLE TEST CIRCUIT AND WAVEFORMS 


NOTE A: C, is approximately 15 pF, which includes probe and stray wiring capacitances. 
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6N137 
OPTOCOUPLER/OPTOISOLATOR 


PARAMETER MEASUREMENT INFORMATION 


OUTPUT 
0.01 pF 


GENERATOR = 
TEST CIRCUIT 
dVcm 8Vv 
OV==~ dt = Trot tf 
GENERATOR an ie: ! 
10% | 10% tp = 8ns TYP 
ov 1 | ly ty = Sns TYP 
Sl et trot ie 


OUTPUT —————= = > "5 V 
SWITCH AT A: Ip = 0 


OUTPUT —$—$ $= _ $$ Vio 


SWITCH AT B: Ip = 5mA 
VOLTAGE WAVEFORMS 
FIGURE 3. TRANSIENT IMMUNITY TEST CIRCUIT AND WAVEFORMS 


TYPICAL APPLICATION INFORMATION 


Optocouplers (Isolators) 


A ceramic capacitor (0.01 uF to 0.1 uF) should be connected between pins 8 and 5 to stabilize the high- 
gain amplifier. The total lead length between the capacitor and the optocoupler should not exceed 20 mm 
(0.8 inches). Failure to provide a bypass capacitor may result in impaired switching characteristics. 


ae BUS (BACK) 


ENABLE 
(IF USED) 


OUTPUT 1 


FIGURE 4. RECOMMENDED PRINTED CIRCUIT BOARD LAYOUT 


TEXAS sg 9066 
INSTRUMENTS 


POST OFFICE BOX 655303 - DALLAS. TEXAS 75265 


6N137 
OPTOCOUPLER/OPTOISOLATOR 


TYPICAL CHARACTERISTICS 


INPUT DIODE FORWARD CURRENT LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
FORWARD VOLTAGE FREE—AIR TEMPERATURE 
> 
| 
oe 
t 3 
ut s 
Cc 4 
£ a 
3 J 
oO 3 
: 3 
; 5 
2 FY 
| ° 
as al 
k 
; 
> 
Oo 0 10 20 30 40 50 60 70 80 
3 Ve—Forward Voltage—V Ta—Free-Air Temperature — °C 
8 FIGURE 5 FIGURE 6 
° 
= HIGH-LEVEL OUTPUT CURRENT 
—_ vs 
2 FREE-AIR TEMPERATURE 
72) 
ee 4 
= I 
o 5 
s a 
— 3 
a 
3 
° 
3 
s 
£ 
a 
: 
P 
2° 
0 10 20 30 40 50 60 70 80 
Ta—Free-Air Temperature — °C 
FIGURE 7 
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tPLH. tPHL—Propagation Delay Time—ns 


tPLH. tPpHL—Propagation Delay Time—ns 


6N137 
OPTOCOUPLER/OPTOISOLATOR 


TYPICAL CHARACTERISTICS 
PROPAGATION DELAY TIME FROM LED INPUT 


vs 
PULSE FORWARD CURRENT 


100 


Voc = 5V 
90 RL = 3502 


I-—Pulse Forward Current—mA 


FIGURE 8 


PROPAGATION DELAY TIME FROM LED INPUT 


vs 
LOAD RESISTANCE 


R_—Load Resistance—k2 


FIGURE 9 
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description 


6N138, 6N139 


OPTOCOUPLERS/OPTOISOLATORS 


Compatible with TTL Inputs 
High Current Transfer Ratio . . . 800% Typ 
High-Speed Switching . . . 100 kbit/s Typ 
High Common-Mode Transient Immunity . . 
High-Voltage Electrical Insulation . . . 3000 
High Output Current Rating of 60 mA 

UL Recognized . . . File Number 65085 


D3012, JULY 1986 


at IF-= 0.5 mA 


. 500 V/us Typ 
V DC Min 


These devices are useful where large common-mode input signals exist, and in applications that require 
high-voltage isolation between circuits. Applications include line receivers, telephone ring detectors, power 
line monitors, high-voltage status indicators, and circuits that require isolation between input and output. 


The 6N138 and 6N139 high-gain optocouplers each consists of a GaAsP light-emitting diode and an 
integrated high-gain photon detector composed of a photodiode and a split-Darlington output stage. The 
VCC and output terminals may be tied together to achieve conventional photodarlington operation. A 


separate base access terminal allows gain-bandwidth adjustments. 


ev) 


The 6N138 is designed for use primarily in TTL applications. An LED input current of 1.6 milliamperes 


and a current-transfer ratio of 300% from O°C to 70°C allows operation with one TTL load input and 


one TTL load output utilizing a 2.2-kQ pullup resistor. 


The 6N139 is designed for use in CMOS, LSTTL, or other low-power applications. This device has a minimum 
current-transfer ratio of 400% for only 0.5 milliampere input current over an operating temperature range 


of O°C 


to 70°C. 


*mechanical data 


Terminal connections: 


9.91 (0.390) 
9,40 (0.370) 


. No internal connection 
. Anode \ Light-emitting 
. Cathode diode 

. No internal connection 

. GND (Emitter) 

. Output ) 

|. Base ; Detector 

: Vee ) 


INDEX DOT 


7.87 (0.310) 


7,37 (0.290) (6) ® 


6,60 (0.260) 

1,78 (0.070) 

6,10 (0.240) 114 10 045) 
0,89 (0.035) MIN: (0. 


Optocouplers (Isolators) 


4,70 (0.185) MAX 
{ _ seatine PLANE ft 
GAUGE PLANE | a) 0,84 (0.033) MIN 
0,51 (0.020) 8 PLACES 
0.76 (0.030) MIN 
0.00 (0.000) | 


0.457 + 0.076 


2,92 (0.115) MIN 
0.33 o.03)_4\ =a (0.018 + 0.003) 


0.18 (0.007) 1,40 (0.055) 2.79 (0.110) 
0,76 (0.030) 2,29 (0.090) 


8 PLACES 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


* JEDEC registered data. This data sheet contains all applicable registered data in effect at the time of publication. 


PRODUCTION DATA documents contain information . 
current as of publication date. Products conform to 4 
seeciiations per ir — of Texas arements TEXAS 

standard warranty. Production processing does no 

necessarily include testing of ii ee INSTRUM ENTS 


POST OFFICE BOX 655303 - DALLAS, TEXAS 75265 
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6N138, 6N139 
OPTOCOUPLERS/OPTOISOLATORS 


schematic 


(2) (8) 
ANODE Vec 
i) 
—p> f ) BASE 
6 
(8) output 
(3) 
CATHODE 
(5) on 


*absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Supply and output voltage range, VCC and Vo: 6N138 ............50.52 ee eee -O.5Vto7V 

GN139; oseesies aerttere eaatiovaink’ ist -—0.5 to 18 V 
REVErSO THLE VOMMIIOS ose 55% 0) se sears Si adr 2 pummlene wise whee ts aes Me taha tans! ames cll Fol saa ol ae 5V 
ernertase reverse voneee 8. I ore ee aes Fe a ens Pace een h see eee gerd eae 6s 0.5. 
Peak input forward current (pulse duration = 1 ms, 50% duty cycle) .................. 40 mA 
Peak transient input forward current (pulse duration < 1 ws, 300 pps)................000. 1A 
Average forward input current at (or below) 50°C free-air temperature (see Note 1) ....... 20 mA 
Output current at (or below) 25°C free-air temperature (see Note 2).............2.005- 60 mA 
Input power dissipation at (or below) 50°C free-air temperature (see Note 3)............ 35 mW 
Output power dissipation at (or below) 25°C free-air temperature (see Note 4) ......... 100 mW 
Storage) temnberatite TENGE os ised cos ic os SN cu “aes ole a Oe eee pie —55°C to 125°C 
Ceetatiics eitiparawe rernge hs OT Se TS ee a ae a ac ete ten ene es 0°C to 100°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds...................... 260°C 


NOTES: 1. Derate linearly above 50°C free-air temperature at a rate of 0.4 mA/°C. 


2. Derate linearly above 25°C free-air temperature at a rate of 0.8 mA/°C. 
3. Derate linearly above 50°C free-air temperature at a rate of 0.7 mW/°C. 
4. Derate linearly above 25°C free-air temperature at a rate of 1.33 mW/°C. 


*JEDEC registered data. 
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6N138, 6N139 
OPTOCOUPLERS/OPTOISOLATORS 


electrical characteristics over operating free-air temperature range of 0°C to 70°C (unless otherwise 
noted) 


6N138 
MIN met MIN fre MAX 


PARAMETER TEST CONDITIONS 


Input forward voltage = 1.6mA, Ta = 25°C 
T ffi 
of forward voltage 

*VeR_ Input breakdown voltage = 10,A, Ta = 25°C 


a 45V, Ip = 


lo. = 4.8 mA, Ip = 
Vec = 4.5V, Ip = 
lo. = 6.4 mA, Ig = 


Vec = 4.5V, Ip = 5mA, 
lo. = 15 mA, a 


Low-level output voltage 


VoL 


Vec = 4.5 V, =a mA, 


Supply current, 
high-level output 


a} Vi 0.4V 
Ip = 0. 7 400% 1650% 
*CTR Current transfer ratio = 
300% 1300% 500% 1400% 


iv* ee, | ed 
Ta = 25°C, RH = 45%, 


pA 
See Note 6 


*JEDEC registered data 

TAIl typical values are at Vcc = 5 V, Ta = 25°C, unless otherwise noted. 

NOTES: 5. Current transfer ratio is defined as the ratio of output collector current Io to the forward LED input current If times 100%. 
6. These parameters are measured between pins 2 and 3 shorted together and pins 5, 6, 7, and 8 shorted together. 


input-output insulation 
leakage current 


oe) 
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6N138, 6N139 
OPTOCOUPLERS/OPTOISOLATORS 


*switching characteristics at Vcc = 5 V, TA = 25°C 


PARAMETER TEST CONDITIONS 


Ip = 1.6 mA, RL = 2.2 kQ, 
See Figure 1 
Propagation delay time, |I-F = 0.5 mA, RL = 4.7 kQ, 
high-to-low level output] See Figure 1 
lp = 12 mA, RL = 2709, 
See Figure 1 
lp = 1.6 mA, RL = 2.2 kQ, 
See Figure 1 
Propagation delay time, |IF = 0.5 mA, RL = 4.7 kQ, 
low-to-high-level output] See Figure 1 
Ip = 12 mA, RL = 2709, 
See Figure 1 
Common-mode input |VcM = 10 Vp-p, If = 0, 
Transient immunity, RL = 2.2 ka, See Notes 7 and 8, 
high-level output See Figure 2 


Common-mode input 
Vom = Vp-p, RL = 2.2 kQ, 


transient immunity, 
ul See Figure 2, See Notes 7 and 8 


low-level output 


*JEDEC registered data 
NOTES: 7. Common-mode transient immunity, high-level output, is the maximum rate of rise of the common-mode input voltage that 
does not cause the output voltage to drop below 2 V. Common-mode input transient immunity, low-level output, is the maximum 
rate of fall of the common-mode input voltage that does not cause the output voltage to rise above 0.8 V. 
8. In applications where dV/dt may exceed 50,000 V/s (such as static discharge) a series resistor, R¢c, should be included 
to protect the detector IC from destructively high surge currents. The recommended value is: 


1 


Rec = O78 Ip ima) k? 


(s40}e]0s}) siajdno90}do 
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6N138, 6N139 
OPTOCOUPLERS/OPTOISOLATORS 


PARAMETER MEASUREMENT INFORMATION 


age gor s ANNE pe 


iF» 


PULSE 
GENERATOR 
Zo = 502 
ty = Sns 


INPUT CURRENT 
MONITOR OUTPUT 
CL = 15 pF 


100 2 (See Note A) 


eo) 


GND 
OPEN 
TEST CIRCUIT 
INPUT mea Sh iE 
CURRENT J + ey 0 
l l 
! H lense 
OUTPUT | I 
VOLTAGE | | 
| | + Na 
tH ke le tpi 
WAVEFORMS 


NOTE A: C, includes probe and stray capacitances. 


FIGURE 1. SWITCHING TEST CIRCUIT AND WAVEFORMS 


Optocouplers (Isolators) 
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6N138, 6N139 
OPTOCOUPLERS/OPTOISOLATORS 


PARAMETER MEASUREMENT INFORMATION 


(See Note A) 


Rt 
B 
i! OUTPUT 
Lig 
GND 
GENERATOR BASE 
TEST CIRCUIT 
10 V——— 
GENERATOR ; 90% 90% dVcm _ _8V 
3 oe 10% # | 10% dt ty or t 
1] | t, = 8ns TYP 
t t es 

eat all oe te = 8 ns TYP 


OUTPUT —$— Vio 


SWITCH AT B: Ip = 1.6 mA 
VOLTAGE WAVEFORMS 


NOTE A: In applications where dV/dt may exceed 50,000 V/us (such as static discharge) a series resistor, RCc, should be included to 
protect the detector IC from destructively high surge currents. The recommended value is: 


1 
Rec = 0-15 1p mA) 


FIGURE 2. TRANSIENT IMMUNITY TEST CIRCUIT AND WAVEFORMS 


ka 
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6N138, 6N139 
OPTOCOUPLERS/OPTOISOLATORS 


lq—Output Current—mA 


CTR—Current Transfer Ratio—% 


TYPICAL CHARACTERISTICS 


6N138 
CURRENT TRANSFER CHARACTERISTICS 


<z 
£ 
| 
=e 
2 
5 
Oo 
=} 
Ss 
S 
7 
& 

Vo— Output Voltage—V 

FIGURE 3 
6N138 
CURRENT TRANSFER RATIO 
vs 
INPUT DIODE FORWARD CURRENT 
1700 


TTT TCT TTT, 
VUT t TTT TTTn 


CTR—Current Transfer Ratio— % 


Nei 
IS 
I I 


100 


6N139 
CURRENT TRANSFER CHARACTERISTICS 


Vo—Output Voltage—V 


FIGURE 4 


6N139 
CURRENT TRANSFER RATIO 
vs 
INPUT DIODE FORWARD CURRENT 


1) 
0.1 0.2 0.40.71 2 4 710 20 40 0.1 0204071 2 


Ip—Input Diode Forward Current—mA 


FIGURE 5 


FIGURE 6 


4 


Optocouplers (Isolators) ie 


710 20 40 


I-—Input Diode Forward Current—mA 
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6N138, 6N139 
OPTOCOUPLERS/OPTOISOLATORS 


TYPICAL CHARACTERISTICS 


6N138 6N139 
OUTPUT CURRENT OUTPUT CURRENT 
vs vs 
INPUT DIODE FORWARD CURRENT INPUT DIODE FORWARD CURRENT 
100 Sa 


Vo = 0.4 Vit 
a 


= 
id AA =e 
20 TMZ i 


Ig—Output Current—mA 
lo— Output Current —mA 


0.4 | Ta = 25°CT 


as EH 
o2 Atta. = ore TTI 


a | 


0.1 0.1 
0.10.2 0.4 1 2 4 710 20 40 100 0.10204 141 2 4 710 20 40 100 
Ip—Input Diode Forward Current—mA Ip—Input Diode Forward Current—mA 
FIGURE 7 FIGURE 8 
6N138 
INPUT DIODE FORWARD CURRENT PROPAGATION DELAY TIMES 
vs vs 
FORWARD VOLTAGE FREE-AIR TEMPERATURE 


Ip—Forward Current—mA 
Propagation Delay Times—s 


Oo 10 20 30 40 50 60 70 80 
Ve—Forward Voltage—V Ta—Free-Air Temperature — °C 
FIGURE 9 FIGURE 10 
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6N139 
PROPAGATION DELAY TIMES 
vs 
FREE-AIR TEMPERATURE 
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6N139 
PROPAGATION DELAY TIMES 
vs 
FREE-AIR TEMPERATURE 


Optocouplers (Isolators) 


INSTRUMENTS 


POST OFFICE BOX 655303 - DALLAS, TEXAS 75265 
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© 
: E 
= - 
= A 
6 8 
s § 
2 3 
3 3 
; ; ER 

0 10 20 30 40 50 60 70 80 ie) 10 20 30 40 50 60 70 80 
Ta—Free-Air Temperature — °C Ta—Free-Air Temperature— °C 
FIGURE 11 FIGURE 12 
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description 


HCPL2502 
OPTOCOUPLER/OPTOISOLATOR 


02963, NOVEMBER 1986 


Compatible with TTL Inputs 
High-Speed Switching . . . 1 Mbit/s Typ 

Narrow CTR Range 

Bandwidth . . . 2 MHz Typ 

High Common-Mode Transient Immunity . . . 1000 V/us Typ 
High-Voltage Electrical Insulation . . . 3000 V DC Min 
Open-Collector Output 

UL Recognized . . . File Number E65085 

Directly Interchangeable with Hewlett Packard HCPL2502 


These high-speed optocouplers are designed for use in analog or digital interface applications that require 
high-voltage isolation between the input and output. Applications include line receivers that require high 
common-mode transient immunity, and analog or logic circuits that require input-to-output electrical 


isolation. 
The HCPL2502 opto 


coupler consists of a light-emitting diode and an integrated photon detector composed 


of a photodiode and an open-collector output transistor. Separate connections are provided for the 
photodiode bias and the transistor collector output. This feature, which reduces the transistor base-to- 


collector capacitance 
optocoupler. 


e, results in speeds up to one hundred times that of a conventional phototransistor 


The HCPL2502 is designed for high-speed TTL/TTL applications where matched or known CTR is desired. 
CTR is 15 to 22% at IF = 16 mA. 


mechanical data 


Terminal connections: 
1. No internal connection 
. Anode 
. Cathode 
. No internal connection 
. GND (Emitter) 
Output 
Base 
» Veo 


7.87 (0.310) 
7.37 (0.290) 


6,60 (0.260) 
6,10 (0.240) 


8 PLACES 


9,91 (0.390) 
9,40 (0.370) 


Light-emitting 
diode 


INDEX DOT 


Ooo o©¢ 


1,78 (0.070) 
0,89 (0.035) vanaf = 1,14 (0.045) 


4.70 (0.185) MAX 
4 seatine PLANE 
GAYEE FLAME | | 0.84 (0.033) MIN 
0,51 (0.020) 
am (0.030) ‘ss 8 PLACES 
0.00 10.000) | 


2,92 (0.115) MIN 0.457 + 0,076 
0.33 10.013)_ Je {0.018 + 0.003) 


0.18 (0.007) 1,40 (0.055) 2.79 (0.110) 8 PLACES 


0,76 (0.030) 2.29 (0.090) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


PRODUCTION DATA documents contain information ' Copyright © 1986, Texas Instruments Incorporated 
tot as of ——— date. Pes conform to wy 

specifications per the terms of Texas Instruments 

sanlard warranty. Production processing does not TEXAS 

necessarily include testing of all parameters. INSTRUMENTS 
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HCPL2502 
OPTOCOUPLER/OPTOISOLATOR 


schematic 
8 
anove 2! Vee 
= 17) Base 
(6) 
OUTPUT 
catHope2) 
(5) 
GND 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Supply and output: voltage range; VCC ana VG of. ee ee eee eee tess ole -0.5 Vto 15 V 
Reverse NG Vere ec. foie eile 5 in a al ere ew Rt pew Gaba apts ce ar ER roca ite ok 5V 
BEST“ DRGR FOV BIER WORE in aio oars ace diss a yi pid Sen Phas Th gh chien io. tg a NR Ss 2 in 4 0 SV 
Peak input forward current (pulse duration = 1 ms, 50% duty cycle, see Note 1)......... 50 mA 
Peak transient input forward current (pulse duration 1 ws, 300 Hz)................-.--05- 1A 
Average forward input current (see: Note 2). 6 ns nc creas b wlan Ses esl Bales 6 eae, 25 mA 
PGCE OUP UIE RUNNY Reaeaec va o5) ot ng we ee, ops ew pers eR ES re AO MSREaaaon BS Rh, 8 went adicioe cs eB em tate ce cate Shea 16 mA 
Average OUtbUT EurrEne em! Ces CUO et er SES PORT BID SPURS WRU ID ered at 8 mA 
pase cintent SP See Se. PIRESSS.. ST, SE eee PR (Me SY RCRA 5 mA 
Input power dissipation at (or below) 70°C free-air temperature (see Note 3)............ 45 mW 
Output power dissipation at (or below) 70°C free-air temperature (see Note 4) ......... 100 mW 
Operating free-air temperature tarige . 2.1.0... eee peewee eee nanny —55°C to 100°C 
Storage ‘tamparature range! <o wee. bes cmovreceleye PY LAT Romero oh hie ed S65 °Cito. 125°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. ...............5-.04. 260°C 


NOTES: 1. Derate linearly above 70°C free-air temperature at the rate of 1.67 mA/°C. 
2. Derate linearly above 70°C free-air temperature at the rate of 0.83 mA/°C. 
3. Derate linearly above 70°C free-air temperature at the rate of 1.50 mW/°C. 
4. 


Derate linearly above 70°C free-air temperature at the rate of 3.33 mW/°C. 
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HCPL2502 
OPTOCOUPLER/OPTOISOLATOR 


electrical characteristics over operating free-air temperature range of 0°C to 70°C (unless otherwise 
noted) 


PARAMETER TEST CONDITIONS MIN TyPt MAX 
Input forward voltage = 16 mA, Ta = 25°C bein ee Bigs wls7 | 


T ra coefficient 

emperature coefficien 18 mv/°C 
of forward voltage 
Input breakdown voltage = 102A, Ta = 25°C 


Low-level output voltage 


IOH High-level output current 


UNIT 


10H High-level output current 


Supply current, 
high-level output 


high-level output 
Supply current, 


Transistor 


ICCH 


OO 


rE forward current 


transfer ratio 


Current transfer ratio 


Input-output Vio = 500 V, Ta = 25°C, 


ile) 


resistance 
input-output 
insulation 


See Note 6 


Cj Input capacitance Ve = 0, f = 1 MHz 


Input-output 
: = d Wir, San Nate : 
capacitance 


leakage current 


SEC I SESCICCELE 


Optocouplers (Isolators) 


TAIl typical values are at Ta = 25°C. 
NOTES: 5. Current transfer ratio is defined as the ratio of output collector current Ig to the forward LED input current IF times 100%. 
6. These parameters are measured between pins 2 and 3 shorted together and pins 5, 6, 7, and 8 shorted together. 


operating characteristics at Vcc = 5 V, IF = 16 mA, Ta = 25°C 


PARAMETER TEST CONDITIONS TYP MAX | UNIT 
BW Bandwidth (—3 dB) = 100, See Note 7 See a 


NOTE 7: Bandwidth is the range of frequencies within which the ac output voltage is not more than 3 dB below the low-frequency value. 
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HCPL2502 
OPTOCOUPLER/OPTOISOLATOR 


switching characteristics at Vcc = 5 V, IF = 16 mA, Ta = 25°C (unless otherwise noted) 
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
Cares thes ale delay time, RL = = -9 kQ, See Note 8, 06 0.8 
low-to-high-level output See Figure 1 
Propagation delay time, RL = 1.9 kQ, See Note 8, 


t 
PHL high-to-low-level output See Figure 1 


0.6 0.8 
av c oe © pine AVcm = 10V, Ip =0, 
mmon-mode input transien' 
OE) ee cee RL = 1.9k@, See Notes 8 and 9, Vins 
dt immunity, high-level output * 
See Figure 2 


dVcm L Common-mode input transient AVcm = —10V, Ip = 16 mA, Rr = 1.9 kQ, 
dt immunity, low-level output See Figure 2, See Notes 8 and 9 


NOTES: 8. The 1.9-kQ load represents one TTL unit load of 1.6 mA and a 5.6-k2 pullup resistor. 
9. Common-mode transient immunity, high-level output, is the maximum rate of rise of the common-mode input voltage that 
does not cause the output voltage to drop below 2 V. Common-mode input transient immunity, low-level output, is the maximum 
rate of fall of the common-mode input voltage that does not cause the output voltage to rise above 0.8 V. 


PARAMETER MEASUREMENT INFORMATION 


OO 


PULSE 5Vv 
GENERATOR 


Zo = 502 
tp = 5ns 


INPUT CURRENT OUTPUT 


MONITOR 
C_ = 15 pF 
(See Note A) 
GND 


TEST CIRCUIT 


INPUT — IF 
Pa i BP ventana” 4 


(S40}B]OS]) s1ajdno90}do 


| | 
| | By 
| | 
OUTPUT | | 
VOLTAGE | | 
i ii — Voi! 
tpHLL ke | je tpl 
WAVEFORMS 


NOTE A: C, includes probe and stray capacitance. 


FIGURE 1. SWITCHING TEST CIRCUIT AND WAVEFORMS 
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OPTOCOUPLER/OPTOISOLATOR 


PARAMETER MEASUREMENT INFORMATION 


GND 
GENERATOR S 
TEST CIRCUIT 
dVcm 
dt 
1O:Visiros 
GENERATOR 90% 90% 
1 f \! 
ov pi i 0% 
>i itt, ttt ie 


OUTPUT —— = 5 5 v 
SWITCH AT A: If = OmA 


OUTPUT —_—_$_ nme Vy 


SWITCH AT B: Ip = 16 mA 


VOLTAGE WAVEFORMS 


we 
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BV 
ty OF tf 


FIGURE 2. TRANSIENT IMMUNITY TEST CIRCUIT AND WAVEFORMS 
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HCPL2502 
OPTOCOUPLER/OPTOISOLATOR 


TYPICAL CHARACTERISTICS 


INPUT DIODE FORWARD CURRENT 
vs 
FORWARD VOLTAGE 


Ip—Forward Current—mA 


Vr—Forward Voltage—V 
FIGURE 3 
NORMALIZED CURRENT TRANSFER RATIO 


vs 
INPUT DIODE FORWARD CURRENT 


(S40}B]OS]) S19j}dno090}d9 ae 


Normalized Current Transfer Ratio—CTR 


1 2 4 7 10 20 40 70100 
Ip—Forward Current—mA 
FIGURE 5 


CURRENT TRANSFER CHARACTERISTICS 
10 


io—Output Current—mA 


° Z 4 6 oe, 0 12 14 16 
Vo—Output Voltage—V 
FIGURE 4 


NORMALIZED CURRENT TRANSFER RATIO 
vs 
FREE-AIR TEMPERATURE 


0.8 


0.7 


0.6 


Normalized Current Transfer Ratio—CTR 


0.5 
-60 -40 -20 0 20 40 60 80 100 
Ta—Free-Air Temperature— °C 


FIGURE 6 
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TYPICAL CHARACTERISTICS 


HIGH-LEVEL OUTPUT CURRENT 
vs 
FREE-AIR TEMPERATURE 


0 
-75 -50 -25 0 25 50 75 100 125 
Ta—Free-Air Temperature— °C 


FIGURE 7 


NORMALIZED FREQUENCY RESPONSE 
vs 
LOAD RESISTANCE 


NM 


Normalized Response —dB 


Ni 
1a 


0.4 0.71 2 4 7 10 


f—Frequency — MHz 
FIGURE 9 


TEXAS 
INSTRUMENTS 


DIFFERENTIAL CURRENT TRANSFER RATIO 
vs 
INPUT DIODE QUIESCENT FORWARD CURRENT 
30 


CTR(ac) — Differential Current Transfer Ratio— % 


Ip—Quiescent Input Current—mA 
FIGURE 8 


PROPAGATION DELAY TIME 
vs 
FREE-AIR TEMPERATURE 


= 
°o 


° 
io 


S 
ro) 


S 
N 


= 
co) 


°S 
) 


+ 


sal i 
20 40 60 80 100 


tPLH. tpHL—Propagation Delay Time—ys 


0.4 
-60 -40 -20 0 


Ta—Free-Air Temperature— °C 


FIGURE 10 
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@ Compatible with TTL Inputs High-Voltage Electrical 
© High-Speed Switching . . . 1 Mbit/s Typ seni we dpdaiswiatilliass 3 
@ Bandwidth... 2 MHz Typ sedis Sinscitaie Gaeta 
@ High Common-Mode Transient UL Recognized . . . File Number 65085 
Immunity . . . 1000 V/us Typ 
description 


These high-speed optocouplers are designed for use in analog or digital interface applications that require 
high-voltage isolation between the input and output. Applications include line receivers that require high 
common-mode transient immunity, and analog or logic circuits that require input-to-output electrical 
isolation. 


Each HCPL2530 and HCPL3531 optocoupler consists of two light-emitting diodes and two integrated photon 
detectors. Each detector is composed of a photodiode and an open-collector output transistor. Separate 
connections are provided for the photodiode bias and the transistor collector output. This feature, which 
reduces the transistor base-to-collector capacitance, results in speeds up to one hundred times that of 
a conventional phototransistor optocoupler. 


The HCPL2530 is designed for TTL/CMOS, TTL/LSTTL, and wide-band analog applications. 
The HCPL2531 is designed for high-speed TTL/TTL applications. 


mechanical data 


9.91 (0.390) 

Terminal connections: 9.40 (0.370) 
1. Anode 1 

. Cathode 1 

. Cathode 2 

. Anode 2 

. GND (Emitters) 

. Output 2 

- Output 1 

Vec 


INDEX DOT 


7.87 (0.310) 
7,37 (0.290) 


6,60 (0.260) 


6,60 (0.280) 1,78 (0.070) 
6,10 (0,240) 0.89 (0.035) man & *) 4.14 (0.045) 


4,70 (0.185) MAX 


1 SEATING PLANE 


GAUGE PLANE | | 0,84 (0.033) MIN 
105° 0.51 (0.020) 8 PLACES 
30° 0.76 (0.030) MIN 


® PLACES 0.00 (0.000) 


| 
2,92 (0.115) MIN 0,457 + 0,076 
0.33 0.013_4\ (0.018 + 0.003) 


0,18 (0.007) 1,40 (0.055) 2.79 (0.110) 8 PLACES 
0.76 (0.030) 2,29 (0.090) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


HCPL2530, HCPL2531 
OPTOCOUPLERS/OPTOISOLATORS 
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HCPL2530, HCPL2531 
OPTOCOUPLERS/OPTOISOLATORS 


schematic 
(1) (8) 
ANODE 1 Vcc 
— 
—> 
{7) ouTPUT 1 
(2) 
CATHODE 1 
(4) 
ANODE 2 
a 
———} 
(6) 
OUTPUT 2 
3 
CATHODE 2 = 
(5) 
GND 


3 absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Supply and output voltage range, VCC and VO... «6 ee ee ee 


Reverse input voltaga (each channel) . 2... 2.5. cis ei we is bi ews oe ow ae mee 
Peak input forward current (each channel) (pulse duration = 1 ms, 50% duty cycle, s 


Average forward input current (each channel) (see Note 2)................5. 
Peak output current (each Channel) oii. alec ce ele ee ee ew ee de eee 
Average output current (each channel)iA-iiersiirtein ss oe eae eels ewe bins 
Input power dissipation at (or below) 70°C free-air temperature 

RBOGH charenel) (ae NOC ee xs. a is ie dee OAL © EA Siber ¢ Bra aceite Ue pte 
Output power dissipation at (or below) 70°C free-air temperature 

deach. charnel) (800 NOtS Aho. seco 5 bss Ree Pett a. 4 ead wines aa eda a 
UORMEITR TERT TROD Ba ae ah ns oi oe ne oy Re why BO 
Operating free-air temperature range ... 26... 2.6. ee ee ees 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds.............. 


(ss0}ejOS}) ssajdnoz0}d9 


NOTES: 1. Derate linearly above 70°C free-air temperature at the rate of 1.67 mA/°C. 
2. Derate linearly above 70°C free-air temperature at the rate of 0.83 mA/°C. 
3. Derate linearly above 70°C free-air temperature at the rate of 1.50 mW/°C. 
4. Derate linearly above 70°C free-air temperature at the rate of 1.17 mW/°C. 


-0.5Vto 15 V 
Sioteters coe 5V 
ee Note 1) 50 mA 


Peak transient input forward current (each channel) (pulse duration = 1 ws, f = 300 Hz)...... 1A 


gi Wares 35 mW 
—§5°C to 125°C 
—§5°C to 100°C 
TlUtkaaka a. » 260°C 


we 
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HCPL2530, HCPL2531 
OPTOCOUPLERS/OPTOISOLATORS 


electrical characteristics over operating free-air temperature range of 0°C to 70°C (unless otherwise 
noted) 


a. RS [| _HcPL2530__— 
FABRMETED Eat COneertens MIN TYPt MAX | MIN TYPT MAX 
[Ve ___Input forward voltage | Ip = 16mA, Ta = 25°C tel 
% 18% 


UNIT 


Vv Vv 

VE Temperature coefficient Ip = 16 mA =}8 mV/°C 
of forward voltage 

Vv 


F 
BR___|nput breakdown voltage 
L 


Vv Ly ' ctaerdele Vec = 4.5 V, lo. = 1.1 mA 
fe) ow-level output voltage Ip = 16 mA iol = ae 


R = 102A, Ta = 25°C 


'F1 = IF2 = Oo] Vcc = Vor = 
High-level Ta = 25°C Vo2 = 5.5 V 


output current Vcc = Voi = Vo2 = 15 V, 


= 
> 


'F1_ = IF2 =O 


= 
> 


i Supply current, 
CCH high-level output 
Supply current, 
IecL 
low-level output 
ee ra a pm | 


CTR = Current transfer ratio Ip = 16 mA, Ta = 25°C, z 
See Note 5 


Ip = 16 mA, See Note 5 

"0 i 
resistance See Note 6 
Input-output Vio = 3000 V, t=S5s, 

lio insulation Ta = 25°C, RH = 45%, aad 
Jeakage current See Note 6 

| Ci___ input capacitance | Vr = 0, f= MHz TO 
capacitance 
, Input-input Vii = 500 V, Ta = 25°C ' 

Input-input Vii = 500 V, 
insulation Ta = 25°C, 
leakage current See Note 7 4 


19% 24% 


> 


vv 
a 


Input-input f = 1 MHz, Ta = 25°C, 
capacitance See Note 7 


v 
n 


= 


TAIl typical values are at Ta = 25°C. 

NOTES: 5. Current transfer ratio is defined as the ratio of output co\ = tr current Io to the forward LED input current If times 100%. 
6. These parameters are measured between pins 2 and 3° «ced together and pins 5, 6, 7, and 8 shorted together. 
7. These parameters are measured between pins 1 and 2 shorted together and pins 3 and 4 shorted together. 


4 
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HCPL2530, HCPL2531 
OPTOCOUPLERS/OPTOISOLATORS 


operating characteristics at Vcc = 5 V, IF = 16 mA, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX | MIN 


BW Bandwidth (—3 dB) R_ = 1002, See Note 8 


NOTE 7: Bandwidth is the range of frequencies within which the ac output voltage is not more than 3 dB below the low-frequency value. 


switching characteristics at Vcc = 5 V, IF = 16 mA, Ta = 25°C (unless otherwise noted) 


OO 


NOTES: 


(S40}B]Os]) siajdnos0}do 


| __Her.2s31_| UNIT 
RL = 4.1 kQ, See Note 9, 
Propagation delay time, | See Figure 1 
low-to-high-level output] RL = 1.9 kQ, See Note 10, 06 0.8 m 
See Figure 1 ; 5 
6 0.8 


RL = 4.1 kQ, See Note 9, 7 1.5 

Propagation delay time, | See Figure 1 

high-to-low-level output] RL = 1.9 kQ, See Note 10, 0 Ly 
See Figure 1 


AVcm = 10V, Ry, = 4.1 kQ, 
See Figure 2, See Notes 9 and 11, 
4Vcm = 10 V, RL = 1.9 kQ, 
See Figure 2, See Notes 10 and 11 


Common-mode input 
transient immunity, 
low-level output 


4Vcm = 10V, Ip = 0, 
RL = 4.1 kQ, See Notes 9 and 10, 

Common-mode input . 

transient immunit See aie 2 

high-le icaumaa age ei ON ae 

“levi tu 
M e RL = 1.9k@, See Notes 10 and 11, 

See Figure 2 


The 4.1-kQ2 load represents one LSTTL unit load of 0.36 mA and a 6.1-k2 pullup resistor. 
The 1.9-kQ load represents one TTL unit load of 1.6 mA and a 5.6-k2 pullup resistor. 


. Common-mode transient immunity, high-level output, is the maximum rate of rise of the common-mode input voltage that 


does not cause the output voltage to drop below 2 V. Common-mode input transient immunity, low-level output, is the maximum 
rate of fall of the common-mode input voltage that does not cause the output voltage to rise above 0.8 V. 
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PARAMETER MEASUREMENT INFORMATION 


aie bi 


PULSE 
GENERATOR 
Zo = 500 
tp = Sns 


RL 


C, = 15 pF 
(See Note A) 


GND 


INPUT 
CURRENT 


OUTPUT 
VOLTAGE 


| 
! 
tH le +l fe tPLH 
WAVEFORMS 


NOTE A: Cy includes probe and stray capacitance. 


FIGURE 1. SWITCHING TEST CIRCUIT AND WAVEFORMS 


Optocouplers (Isolators) iu 
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HCPL2530, HCPL2531 
OPTOCOUPLERS/OPTOISOLATORS 


PARAMETER MEASUREMENT INFORMATION 


GND 


GENERATOR = 
TEST CIRCUIT (EACH CHANNEL) 


dVcM L 8V 
dt ty or tf 


icv — 
GENERATOR 390% 90% tr - = iad 
1 1 f= 8ns 
ov 0% 7 0% 


Ww 
+. 
= 
, 

F 


SWITCH AT A: If = OmA 


OUTPUT ——_$_ $m Vin 


SWITCH AT B: Ip = 16 mA 
VOLTAGE WAVEFORMS 
FIGURE 2. TRANSIENT IMMUNITY TEST CIRCUIT AND WAVEFORMS 


(S40}e/OS]) ss9jdno20}doQ 
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HCPL2530, HCPL2531 
OPTOCOUPLERS/OPTOISOLATORS 


INPUT DIODE FORWARD CURRENT 


vs HCPL2530 
FORWARD VOLTAGE CURRENT TRANSFER CHARACTERISTICS 
20 T 12 (—J T 
Ta = 25°C 11,- Yeo = 5¥ 
18 | Ta = 25°C | 
10 ~ 
16 
: : 
iS ls [ , 
S 12}/— & 7 
5 5 
oO 10 oO 6 
= ret 
= | 
(-) fo} 
ac ipa 
a os 
2 
2 1 
{0} =| 0 4 1 
1.4 82 “Ao OPaae We wet az OPEN 2: ore SAG Ba ee oht2"" 14) 8 3 
Ve—Fforward Voltage—V Vo-—Output Voltage—V 
FIGURE 3 FIGURE 4 e 
je) 
eae 
NORMALIZED CURRENT TRANSFER RATIO NORMALIZED CURRENT TRANSFER RATIO 3 
vs vs 
INPUT DIODE FORWARD CURRENT FREE-AIR TEMPERATURE 2 
a | | ile Vec = 5V ” 
= £ Vo = 0.4V ——-—HCPL2530| ® 
« S11) ro Ip = 16 mA —+—HCPL2531| 
s 5 1.0 ta ae 
a rapt BD ° 
: e i) 
Ee T Ne ° 
2 ss ie ~ 
5 é 0.9 a2 
8 é = 
no] mB as! no} 
e ® 0.8 +7 
E E 
2 Faery 3° 
| Tl 0.7 + + i + 
fe | ec 
0° & 
N lized to Ip = 16 mA 
0 ormalize we F oe m. 0.6 [ 
1 2 4 7 Ow £2022%40 “70 100 -60 -40 -20 0 20 40 60 80 100 
Ip—Forward Current—mA Ta—Free-Air Temperature — °C 
FIGURE 5 FIGURE 6 
u 
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HIGH-LEVEL OUTPUT CURRENT DIFFERENTIAL CURRENT TRANSFER RATIO 
vs vs 
FREE-AIR TEMPERATURE INPUT DIODE QUIESCENT FORWARD CURRENT 
” ] Vec = 5V 
Vo = 0.4V 
ees HCPL2531 7 = 2600 
20 


HCPL2530 


15 + | 
10 io = 


CTRiac)—Differential Current Transfer Ratio— % 


5 x 
3 A ol 
3 -75 -50 -25 0 25 50 75 100 125 0 5 70 15 a 
Ta—Free-Air Temperature — °C Ip — Quiescent Input Current—mA 
(e) FIGURE 7 FIGURE 8 
no} 
oo 
° 
° 
co) 
= NORMALIZED FREQUENCY RESPONSE PROPAGATION DELAY TIME 
— vs vs 
@ LOAD RESISTANCE FREE-AIR TEMPERATURE 
77) 
= « ivec = 5¥ if 
a | 4.1 [le = 16 mA 
a 2 RL = 4.1 k® for HCPL2530 
bo 8 F ite LRL = 1.9 kO for FICPL2530 tpLy 
° i, 3 HCPL2531 
wo 2 Qo 09 
— So c 
2 s 
« & 08 
3 & 
¢ ° 
F a 0.7 
= a 
8 z 0.6 
= os 
, ms 
0.4L MEPL2E31 tPuH 
O54 Oi OAT OvFoid 2 4 7 46 -60-40 -20 0 20 40 60 80 100 
f—Frequency —MHz Ta—Free-Air Temperature— °C 
FIGURE 9 FIGURE 10 
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HCPL2601 
OPTOCOUPLER/OPTOISOLATOR 


02968, NOVEMBER 1986 


@ Gallium Arsenide Phosphide LED Optically @ High-Voltage Electrical 
Coupled to an Integrated Circuit Detector Insulation . . . 3000 V DC Min 
Internal Shield for Common-Mode Rejection @ High-Speed Switching . . . 75 ns Max 
Compatible with TTL and LSTTL Inputs @ UL Recognized .. . File Number E65085 
Low Input Current Required to Turn Output @ Directly Interchangeable with Hewlett 
On...5 mA Max Packard HCPL2601 
description 


The HCPL2601 optocoupler is designed for use in high-speed digital interfacing applications that require 
high-voltage isolation between the input and output. It is recommended for use in extremely high ground- 
noise and induced-noise environments. Applications include line receivers, microprocessors or computer 
interface, digital programming of floating power supplies, motors, and other control systems. 


The HCPL2601 high-speed optocoupler consists of a GaAsP light-emitting diode and an integrated light 
detector composed of a photodiode, a high-gain amplifier, and a Schottky-clamped open-collector output 
transistor. An input diode forward current of 5 milliamperes will switch the output transistor low, providing 
an on-state drive current of 13 milliamperes (eight 1.6-milliampere TTL loads). A TTL-compatible enable 
input is provided for applications that require output-transistor gating. 


The HCPL2601 is mounted in a standard 8-pin dual-in-line plastic package. 


The HCPL2601 is characterized for operation over the temperature range of 0°C to 70°C. The internal 
shield provides a guaranteed common-mode transient immunity of 1000 volts/microsecond minimum. 


mechanical data 


9,91 (0.390) 
Terminal connections: 9,40 (0.370) 


No internal connection 
Anode \ Light-emitting ® © © 
Cathode diode 

No internal connection 

GND 

Output 

Enable Detector 


Vec 


PNAAP YN 


INDEX DOT 


7,87 (0.310) 
shes: ©0200 


6.60 (0.260) 


pte A 1,78 (0.070) 
6,10 (0.240 4.78 (0-070) 
: : 0,89 (0.035) man-f > +14 (0.045) 


4.70 (0.185) MAX 


it SEATING PLANE 
GAUGE PLANE | 0,84 (0.033) MIN 


| 
0.51 (0.020 
0.76 (0.030) eee 8 PLACES 


8 PLACES 0,00 (0.000) | 


2,92 (0.115) MIN =f ka 0,457 + 0,076 

0.33 (0.013)_4\e (0.018 + 0.003) 

0,18 (0.007) 1,40 (0.055) 2.79 (0.110) 8 PLACES 
0,76 (0.030) 2,29 (0.090) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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HCPL2601 
OPTOCOUPLER/OPTOISOLATOR 


FUNCTION TABLE logic diagram (positive logic) 


ENABLE | OUTPUT anove 2! 


H L 
zs 3 (3) 
L H CATHODE 


SHIELD 


GND 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SOEIOEI, VOIR OG CMe seine eters a 0ifo re sud) 6. tia c1 0 Reciase nue Casas s Saas dato ve Sad aac SR eens 4.9 ‘ois ae 7V 
GGGTNG: WIDUR VEIN 55, < shajecataiece % o <5 5 k.s wom cc aeavin sean es eee Als) aes AERP RT 48a, 6 5V 
Enable input voltage (not to exceed Vcc by more than 500 mV) ..........22.02-00-00% 5.5V 
Ouiput-voltege:s jeqmal)..; tiarnsd.4 oo .etlianie icy ciple shobavedy 6 fe deaegris as iec8 7¥ 
Peak forward input current (< 1 ms duration)........... 0.00000 eee eee 40 mA 
Average-forwerd inputsourent |. sconce 2../. chee) weasels ES. ho. ieee Qatar ce 20 mA 
3 Output current... 00... oR RG wom iwesh huatiae. Sales. Savile aciotteniee es, ip? Sabla ai 5 25 mA 
Chinteyst POW (CIBMIINIORS 6 55 sigs. oe wo) 5s pcan tear nrae pth a sree his ote betes ns mea pec 40 mW 
SRQCRD TOVOTUUETIINIE oo nia is cee cn sc ace ace oa OE OS ae aos Ak So COTE —55°C to 125°C 
Operating free-air temperature range .... 2... 6. ee eee 0°C to 70°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds............0 00000 e ee 260°C 


recommended operating conditions 


Vcc Output supply voltage (see Note 1) 
VIH(EN) High-level enable input voltage (see Note 2) 
VIL(EN) | Low-level enable input voltage ie} 


NOTES: 1. All voltage values are with respect to GND (pin 5). 
2. No external pullup is required at the enable input; an open circuit will establish the high level. 


(2) 
no] 
> 
° 
iz) 
2} 
c 
Z 
© 
= 
77) 
a 
° 
© 
onal 
° 
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HCPL2601 
OPTOCOUPLER/OPTOISOLATOR 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


Ve Input forward voltage Ip = 10 mA, Ta = 25°C 
avr Temperature coefficient of forward voltage Ip = 10 mA 
VBR Input reverse breakdown voltage IR = 10 pA, Ta = 25°C 


Vec = 5.5V, Wenj=2V, 
Vv -level It 
OL Low-level output voltage Ip = 5 mA, lol = 13 mA 
1 High-level output current Sie Oe, 
| urren 
OH igh-level output curré EN) = 2V, Ip = 250 pA 


NH(EN High-level enable input current = 5.5V, ViEN) = 2V 
NL(EN Low-level enable input current = 5.5V, Vien) = 0.5 V 


P Vec = 5.5 V, Vi(EN) = 0.5 V, 
ICCH Supply current, high-level output 0 mA 
Vec = 5.5 V, Vv = 0.5V, 
IccL Supply current, low-level output ae Ori (EN) 13 19 


Vio = 3000 V, 
Input-output insulation leakage current Ta = 25°C, RH = 45%, 
See Note 1 
Vio = 500 V, Ta = 25°C, 
See Note 1 


WwW 


input-output resistance 


Input capacitance 


input-output capacitance 
g si " See Note 1 


TAll typical values are at Vcc = 5 V, Ta = 25°C. 
NOTE 1: These parameters are measured between pins 2 and 3 shorted together and pins 5, 6, 7, and 8 shorted together. 


switching characteristics at Vcc = 5 V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
Propagation delay time, low-to-high | IF = 7.5 mA, RL = 3509, 
tPLH fe ; 42 75 
level output, from LED input Cy = 15 pF, See Figure 1 
Propagation delay time, high-to-low | Ip = 7.5 mA, RL = 350 Q, 
TPHL Y ‘; 42 76 
level output, from LED input CL = 15 pF, See Figure 1 
Propagation delay time, low-to-high Ip = 7.5 mA, RL = 350 2, 
TPLH(EN) ' 40 
level output, from enable Cy = 15 pF, See Figure 2 


Optocouplers (Isolators) 


H Propagation delay time, high-to-low | Ip = 7.5 mA, RL = 3509, 
PHL(EN) level output, from enable Cy = 15 pF, See Figure 2 


Ip = 7.5 mA, RL = 350 Q, 
tr Rise time F sy “ 
CL = 15 pF 
Ip = 7.5 mA, Ri = 3509, 
tf Fall time F i . 
Cy = 15 pF 
dVcm (H) Commonsitads input transient AVcm = 50 V, Ip = 0, : 1000 10000 
dt immunity, high-level output RL = 350 Q, See Note 2 and Figure 3 
dVcm (L) Comimonen tags input transient AVcm = —50V, Ip = 7.5 mA, ~1000 - 1000 
dt immunity, low-level output RL = 350 Q, See Note 2 and Figure 3 
NOTE 2: Common-mode input transient immunity, high-level output, is the maximum rate of rise of the common-mode input voltage that 


does not cause the output voltage to drop below 2 V. Common-mode input transient immunity, low-level output, is the maximum 
rate of fall of the common-mode input voltage that does not cause the output voltage to rise above 0.8 V. 
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HCPL2601 
OPTOCOUPLER/OPTOISOLATOR 


PARAMETER MEASUREMENT INFORMATION 


'-§ —> 


PULSE 
GENERATOR 
Zo = 502 
t = Sns 


INPUT 
MONITOR 


470 


TEST CIRCUIT 


— — —— 350 mV (Ip = 7.5 mA) 


INPUT 
MONITOR 


Ww 


OUTPUT 
VOLTAGE 


WAVEFORMS 
FIGURE 1. tpi AND tpy_ FROM LED INPUT TEST CIRCUIT AND WAVEFORMS 


ip = 7.5 mA—> a 


ENABLE 


MONITOR OUTPUT 


(S10}e]OS]}) S1ajdno90}do 


(See Note A) wth ai 


TEST CIRCUIT 


ENABLE 


Btn, ihe Oh ae 1.5V 
| | ov 
tPHL(EN) +¢—>I + 'PLHIEN) 
| VoH 
ouTPpuT 
= 2S== rts Vv 
———-VoL 


VOLTAGE WAVEFORMS 
FIGURE 2. tpLH(EN) AND tpHL(EN) FROM ENABLE TEST CIRCUIT AND WAVEFORMS 


NOTE A: C, is approximately 15 pF, which includes probe and stray wiring capacitances. 
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HCPL2601 
OPTOCOUPLER/OPTOISOLATOR 


PARAMETER MEASUREMENT INFORMATION 


OUTPUT 
0.01 pF 


GENERATOR = 
TEST CIRCUIT 


5 eae aa dt i, or 
GENERATOR 90% 90% r OF tf 
10% 10% 
ov 


| | 
1 ! | 
1 et, tr ie 


w-w tf 5V 
— a =2Vv 


SWITCH ATA: If = O 


VoL 
SWITCH AT B: Ir = 7.5 mA 


VOLTAGE WAVEFORMS 
FIGURE 3. TRANSIENT IMMUNITY TEST CIRCUIT AND WAVEFORMS 


TYPICAL APPLICATION INFORMATION 


A ceramic capacitor (0.01 uF to 0.1 uF) should be connected between pins 8 and 5 to stabilize the high- 
gain amplifier. The total lead length between the capacitor and the optocoupler should not exceed 20 mm 
(0.8 inches). Failure to provide a bypass capacitor may result in impaired switching characteristics. 


BY, Sages BUS (BACK) 


ENABLE 
(IF USED) 


FIGURE 4. RECOMMENDED PRINTED CIRCUIT BOARD LAYOUT 
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HCPL2601 
OPTOCOUPLER/OPTOISOLATOR 


TYPICAL CHARACTERISTICS 


INPUT DIODE FORWARD CURRENT LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
FORWARD VOLTAGE FREE—AIR TEMPERATURE 


0.4 ————__]— 
Ta = 25°C Wee =o: 
| Vien) = 2V 
Ip = 5mA 
lo. = 13 mA 


0.3 


0.2 


Ip—Forward Current—mA 


VoL_—Low-Level Output Voltage—V 


0 10 20 30 40 50 60 70 80 
Ta—Free-Air Temperature— °C 
FIGURE 6 


Vp—Forward Voltage—V 
FIGURE 5 
HIGH-LEVEL OUTPUT CURRENT 


vs 
FREE-AIR TEMPERATURE 


(S10}e/0S]) Siajdno90}dQ Fa) 


loH—High-Level Output Current—nA 


0 10 20 30 40 50 60 70 80 
Ta—Free-Air Temperature— °C 


FIGURE 7 
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tPLH. tpHL—Propagation Delay Time—ns 


tPpLH. tpHL—Propagation Delay Time—ns 


HCPL2601 
OPTOCOUPLER/OPTOISOLATOR 


TYPICAL CHARACTERISTICS 


PROPAGATION DELAY TIME FROM LED INPUT 


vs 
PULSE FORWARD CURRENT 


Ip—Pulse Forward Current—mA 
FIGURE 8 
PROPAGATION DELAY TIME FROM LED INPUT 
LOAD RESISTANCE 
Vec = 5V 


Ip = 7.5mA 
Ta = 25°C 


R_ —Load Resistance—kQ 
FIGURE 9 
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Output . . .5 mA Max 


@ High-Voltage Electrical 
Insulation . . . 3000 V DC Min 


description 


Gallium Arsenide Phosphide LED Optically 
Coupled to an Integrated Circuit Detector © Directly Interchangeable with Hewlett 
@ Compatible with TTL and LSTTL Inputs 


Low Input Current Required for On-State @ UL Recognized .. . File Number E65085 


DUAL-CHANNEL 


High-Speed 


HCPL2630 
OPTOCOUPLER/OPTOISOLATOR 


D2969, NOVEMBER 1986 


Switching . . . 75 ns Max 


Packard HCPL2630 


The HCPL2630 is a dual optocoupler designed for use in high-speed digital interfacing applications that 
require high-voltage isolation between the input and output. Applications include line receivers, 
microprocessors or computer interface, and other control systems. 


Each channel of the HCPL2630 optocoupler consists of a GaAsP light-emitting diode and an integrated 
light detector composed of a photodiode, a high-gain amplifier, and a Schottky-clamped open-collector 
output transistor. An input diode forward current of 5 milliamperes will switch the output transistor low, 
providing an on-state drive current of 13 milliamperes (eight 1.6-milliampere TTL loads). 


The device is mounted in a standard 8-pin dual-in-line plastic package. 


Ww 


The HCPL2630 is characterized for operation over the temperature range of O°C to 70°C. 


mechanical data 


Terminal connections: 
1. 1 Anode 
2. 1 Cathode 
3. 2 Cathode 
4. 2 Anode 
5. GND 

6. 2 Output 
7. 1 Output 
8. Vcc 


7.87 (0.310) 
7,37 (0.290) 


6,60 (0.260) 
6.10 (0.240) 


9,91 (0.390) 
9,40 (0.370) 


INDEX DOT 


oo-] 


Optocouplers (Isolators) 


© 


.070) 
045) 


1,78 (0. 
0,89 (0.035) mana > 1,14 (0 


4,70 (0.185) MAX 


a SEATING PLANE 


GAUGE PLANE 


0.76 (0.030) 


8 PLACES 0,00 (0.000) 


| 
0.51 (0.020) 
MIN 


2,92 (0.115) MIN 
0.33 (0.013) 
1,40 (0.055) 2,79 (0.110) 


0,18 (0.007) 


0,76 (0.030) 2.29 (0.090) 


=| 0,84 (0.033) MIN 
8 PLACES 


0,457 + 0,076 
k-o.or8 + 0.003) 
8 PLACES 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 


TEXAS % 
INSTRUMENTS 


POST OFFICE BOX 655303 - DALLAS, TEXAS 75265 


Copyright © 1986, Texas Instruments Incorporated 


3-83 


(S40}BjOS]) Suajdnos0}dO He) 


HCPL2630 
DUAL-CHANNEL OPTOCOUPLER/OPTOISOLATOR 


logic diagram (positive logic) 


(1) (8) 
1 ANODE a Vcc 
¥ i 1 OUTPUT 
1 CATHODE - 
(4) 
2 ANODE 
— 6 
(6) > output 
(3) 
2 CATHODE 
(5) 


GND 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


SATB GSE MCs o 5550 ooo cs, 2 eee se aed santa Den Dyes A Don ies ane Rind Saks att Seta pene BY, SH Wa 6.0 Gok Ti 
Reverse input VOneee cite Cok © cae aise so ace Se oeMeee Moe ee me ie Tiememe ea a SteTate ce ae ww a 5V 
Output voltages. 5% O-fo- aanex “ne sisaarms? ad sewn Aolboreme ent banter seets 4 SEES 64 -af 7V 
Peak forward input current, each channel (<1 ms duration) ...............-000000 eee 30 mA 
Average forward input current, each channel 2. i. cs cee en eee se SOO ISS 15 mA 
CUA LE CUERRNTE, RTS ONSIRINID oo. aos 056. 2 Wire, ded beta dal ee Gea aha, Ae My, e476 GUI PGA ch oa 16 mA 
Can pater cere cr sre cl ee ee ee ee Ceres ne tet oe eek 85 mW 
Storage: teriaratine Canteen See ee er Swe os keller a be oe ot wee eee eel —55°C to 125°C 
Operating free-air temperature range «6. 2 sacs ase ie le cre aiwie o shen d aie Re peae wie! a wee O8G toW7O°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. .............000-000% 260°C 


recommended operating conditions 


[Min WOM MAX” | UNIT 


Vcc Output supply voltage (see Note 1) aia aa 
IF(on) Input forward current to turn output on 6.3 15 


IF (off) Input forward current to turn output off 


'oL 


Low-level (on-state) output current 
Operating free-air temperature 


NOTE 1: All voltage values are with respect to GND (pin 5). 
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HCPL2630 
DUAL-CHANNEL OPTOCOUPLER/OPTOISOLATOR 


electrical characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 


MIN TyPt 
1.6 
= 138 


PARAMETER TEST CONDITIONS 
Input forward voltage Ip = 10 mA, Ta = 25°C 


Temperature coefficient of forward voltage = 10 mA 
Input reverse breakdown voltage 


Ta = 25°C 
Ip = 5 mA, 


Low-level output voltage 


High-level output current 


ICCH Supply current, high-level output 
lec. Supply current, low-level output 


= 500 V, 
= 25°C 
See Note 2 
Vio = 3000 v, 
Ta = 25°C, RH = 45%, 
See Note 1 
Vi; = 500 V, 
See Note 2 

Vio = 500 V, 
See Note 1 
Ve = 0, f = 1 MHz 


Ver=0, f = 1 MHz 0.25 


f = 1 MHz, Ta = 28°C, F 
See Note 1 i 


Ny Input-input insulation leakage current 


lo Input-output insulation leakage current 


nH Input-input resistance 


4 
> 
T 
N 
oa 
© 
® 


Input-output resistance 


Input capacitance 


Input-input capacitance 


Input-output capacitance 


TAll typical values are at Vcc = 5 V, Ta = 25°C. 
NOTES: 1. These parameters are measured between pins 1, 2, 3, and 4 shorted together and pins 5, 6, 7, and 8 shorted together. 
2. These parameters are measured between pins 1 and 2 shorted together and pins 3 and 4 shorted together. 


switching characteristics at Vcc = 5 V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX 


Propagation delay time, low-to-high-level Ip = 7.5 mA, RL = 350 Q, 
output, from LED input Cy = 15 pF, See Figure 1 
Propagation delay time, high-to-low level Ip = 7.5 mA, RL = 3509, 
output, from LED input CL = 15 pF, See Figure 1 


~ . Ip = 7.5 mA, RL = 3509, 
Rise time 
CL = 15 pF 


tPLH 


tPHL 


Ip = 7.5 mA, RL = 3509, 
CL = 15 pF 

AVcm = 10V, If = 0, 

RL = 350 Q, 

See Note 3 and Figure 2 

AVcm = —10V, Ip = 5mA, 
RL = 3509, 

See Note 3 and Figure 2 


Fall time 


dVcm Common-mode input transient immunity, 
See (a 
dt high-level output 


dVcm Common-mode input transient immunity, 
dt low-level output 


NOTE 3: Common-mode input transient immunity, high-level output, is the maximum rate of rise of the common-mode input voltage that 
does not cause the output voltage to drop below 2 V. Common-mode input transient immunity, low-level output, is the maximum 
rate of fall of the common-mode input voltage that does not cause the output voltage to rise above 0.8 V. 
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HCPL2630 
DUAL-CHANNEL OPTOCOUPLER/OPTOISOLATOR 


PARAMETER MEASUREMENT INFORMATION 
(EACH CHANNEL) 


GENERATOR 


INPUT 


MONITOR OUTPUT 


0.01 pF 


TEST CIRCUIT 


— ———350 mV (ip = 7.5 mA) 


INPUT 
MONITOR 


OUTPUT 
VOLTAGE 


WAVEFORMS 


NOTE A: C, is approximately 15 pF, which includes probe and stray wiring capacitances. 
FIGURE 1. tpLH AND tpy_ FROM LED INPUT TEST CIRCUIT AND WAVEFORMS 


TEXAS % 


S86 INSTRUMENTS 


POST OFFICE BOX 655303 - DALLAS, TEXAS 75265 


HCPL2630 
DUAL-CHANNEL OPTOCOUPLER/OPTOISOLATOR 


PARAMETER MEASUREMENT INFORMATION 
(EACH CHANNEL) 


GENERATOR t 
TEST CIRCUIT 
dVcm B8vV 
ov wae - oon 
GENERATOR 90% 90% r 
10%! 1\.10% 
a ! | | 
ier tr ie 


OUTPUT ————= => — 5 V 


SWITCH AT A: If = 0 


OUTPUT ected ae etre et Rl VoL 


SWITCH AT B: Ir = 5mA 
VOLTAGE WAVEFORMS 


FIGURE 2. TRANSIENT IMMUNITY TEST CIRCUIT AND WAVEFORMS 


TYPICAL APPLICATION INFORMATION 
A ceramic capacitor (0.01 uF to 0.1 uF) should be connected between pins 8 and 5 to stabilize the high- 
gain amplifier. The total lead length between the capacitor and the optocoupler should not exceed 20 mm 
(0.8 inches). Failure to provide a bypass capacitor may result in impaired switching characteristics. 


_//SND BUS (BACK) 


a) OUTPUT 1 


OUTPUT 2 
FIGURE 3. RECOMMENDED PRINTED CIRCUIT BOARD LAYOUT 
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HCPL2630 
DUAL-CHANNEL OPTOCOUPLER/OPTOISOLATOR 


TYPICAL CHARACTERISTICS 


INPUT DIODE FORWARD CURRENT LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
FORWARD VOLTAGE FREE—AIR TEMPERATURE 
> 
& 
< S 
E ic 
iM > 
E i 
3 é 
z 3 
so > 
3 4 
2 3 
| 3 
+ 
a 
3 S 
> 
ie) 1 -t2. We ote Ae he 47 0 10 20 30 40 50 60 70 80 
3 Ve—Forward Voltage—V Ta—Free-Air Temperature — °C 
S FIGURE 4 FIGURE 5 
Cc 
ao} HIGH-LEVEL OUTPUT CURRENT 
@ vs 
7) FREE-AIR TEMPERATURE 
a Vec = 5.5V 
fo ¢ Vo = 5.5V 
2 i Ip = 250 pA 
° g 
< 3 
= 5 
5 
a 
S 
°o 
3 
4 
£ 
2 
= 
] 
= 
2 
0 10 20 30 40 50 60 70 80 
Ta—Free-Air Temperature— °C 
FIGURE 6 
u 
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tpLH. tpHL—Propagation Delay Time—ns 


tPLH. tpPHL—Propagation Delay Time—ns 


HCPL2630 
DUAL-CHANNEL OPTOCOUPLER/OPTOISOLATOR 


TYPICAL CHARACTERISTICS 


PROPAGATION DELAY TIME FROM LED INPUT 
vs 
PULSE FORWARD CURRENT 


Ip—Pulse Forward Current—mA 


FIGURE 7 


PROPAGATION DELAY TIME FROM LED INPUT 
vs 
LOAD RESISTANCE 


Optocouplers (Isolators) tie 


Oo 1 2 3 4 5 


R_—Load Resistance —kQ 
FIGURE 8 
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HCPL2631 
DUAL-CHANNEL OPTOCOUPLER/OPTOISOLATOR 


D3114, APRIL 1988 


® Gallium Arsenide Phosphide LED Optically @ High-Speed Switching . . . 75 ns Max 
Coupled to an Integrated Circuit Detector Directly Interchangeable with Hewlett 
Compatible with TTL and LSTTL Inputs Packard HCPL2631 
Low Input Current Required for On-State @ UL Recognized . . . File Number E65085 
Output... ai Mae © Internal Shield for High Common-Mode 
@ High-Voltage Electrical Rejection 


Insulation . . . 3000 V DC Min 


description 


The HCPL2631 is a dual optocoupler designed for use in high-speed digital interfacing applications that 
require high-voltage isolation between the input and output. Applications include line receivers, 
microprocessors or computer interface, and other control systems. 


Each channel of the HCPL2631 optocoupler consists of a GaAsP light-emitting diode and an integrated 
light detector composed of a photodiode, a high-gain amplifier, and a Schottky-clamped open-collector 
output transistor. An input diode forward current of 5 mA will switch the output transistor low, providing 
an on-state drive current of 13 mA (eight 1.6-mA TTL loads). 


The device is mounted in a standard 8-pin dual-in-line plastic package. The internal shield provides a 
guaranteed common-mode transient immunity of 1000 v/zs minimum. 


3 


The HCPL2631 is characterized for operation over the temperature range of O°C to 70°C. 


mechanical data 


9,91 (0.390) 


‘erminal connections: 9,40 (0.370) 
1 Anode 


= ®©® 


mn 

1 

2 

3. 

4. 2 Anode 
5. GND 

6. 2 Output 
7. 1 Output 
8. Vcc 

INDEX DOT 


7,87 (0.310) 


7,37 (0.290) ‘O) 6) ©) 3) 


6.60 (0.260) 


Optocouplers (Isolators) 


6.10 (0.240) 1.78 (0.070) 
0.89 (0.035) MIN 1,14 (0.045) 


4.70 (0.185) MAX 


Bt SEATING PLANE 1 


GAUGE PLANE | =| 0,84 (0,033) MIN 


0,51 (0.020 
0.76 (0.030) Mie 8 PLACES 


8 PLACES 0,00 (0.000) 


2,92 (0.115) MIN 0,457 + 0,076 
0.33 (0.013) (0.018 + 0.003) 


0.18 (0.007) 1.40 (0.055) 2.79 (0.110) 8 PLACES 
0.76 (0.030) 2.29 (0.090) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


PRODUCTION DATA documents contain information . Copyright © 1988, Texas Instruments Incorporated 
current as of publication date. Products conform to A 
peiicatiai per on Belles of Texas jpasigients TEXAS 

fandard warranty. Production processing does not - 
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HCPL2631 
DUAL-CHANNEL OPTOCOUPLER/OPTOISOLATOR 


logic diagram (positive logic) 


(1) 
1 ANODE 


! 
I 
+e 
1 OUTPUT 
+e 


1 CATHODE fa 


SHIELD a 
(4) I 
2 ANODE i 
1 
(3) - 
2 CATHODE 


2 OUTPUT 


GND 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


(S40}BjOS]) S1ajdn090}dO He) 


TT Ean 2 oe ee a 7V 
Réverse: input: VOlAge: « .\<. rei misiers 94\4:- fis © tee caress setene te Reiners tec sr eo ane 5V 
TISTENGNE: SRM aes fa Fe Ws scion ane) ire A hos & Sea ea ee esa Do a OY a a a soe be Soe 7V 
Peak forward input current, each channel (<1 ms duration) ....................2.0.. 30 mA 
Average forwardiinputcurrent, each channel... <5. 05 4000. nae dow & ees DRE es oe ae 15 mA 
OCUtput CUBE CECTCEIIAIEN, 5, 6 aoe x55 <2 bre RUe ees eRe Bases 8 Sia a Ara ee eas 16 mA 
AE AE CAPE CHITIN iste ois. Sones Seats Feta UN a hg anaes Ms sg eis, eR at ate Tan 85 mW 
SHOLAGS TORIDEPAEUTO MONI 0) S50 55g oo 5» ue He eBoy Saba euie up el sce Fyn ae A —55°C to 125°C 
Operating free-air temperature ranges, .)6. OT ee oe ee ee nee oe 0°C:t0770°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds.................0.00- 260°C 


recommended operating conditions 


Output supply voltage (see Note 1) 


Input forward current to turn output on 


Input forward current to turn output off 


Low-level (on-state) output current 
Operating free-air temperature 


NOTE 1: All voltage values are with respect to GND (pin 5). 
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electrical characteristics over recommended operating free-air temperature range (unless otherwise 


noted) 
TEST CONDITIONS MIN TYPt MAX | UNIT 
: 7 


Vec = 5.5V, Ip = 5 mA, 
-level It . 
VoL Low-level output voltage oe 
Vec =55V, Vo=5.5V, 
0H High-level output current “—" fe) 


Vi; = 500 V, 
Ta = 25°C 
See Note 2 
Vio = 3000 V, 
Input-output insulation leakage current Ta = 25°C, 
See Note 1 
Vi = 500 V, 
See Note 2 


Vio = 500 Vv, Ta = 25°C, 
input-output resistance 10 A 1012 
See Note 1 


Input capacitance Ve = 0, f = 1 MHz Cn aie RS) 
Input-input capacitance Ve = 0, ime 0.26 | | 

f = 1 MHz, 
See Note 1 


Input-input resistance 


Input-output capacitance 


TAIl typical values are at Vcc = 5 V, Ta = 25°C. 
NOTES: 1. These parameters are measured between pins 1, 2, 3, and 4 shorted together and pins 5, 6, 7, and 8 shorted together. 
2. These parameters are measured between pins 1 and 2 shorted together and pins 3 and 4 shorted together. 


switching characteristics at Vcc = 5 V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


i‘ Propagation delay time, low-to-high-level Ip = 7.5 mA, RL = 3509, 42 5 
PLH output, from LED input CL = 15 pF, See Figure 1 

x Propagation delay time, high-to-low level Ip = 7.5 mA, RL = 350 Q, 

PHL 


output, from LED input C_ = 15 pF, See Figure 1 


Rise time 


Fall time 


] ; 
dv Cc -mode input transient immunity, « 
BOM il eee ee 4 ; 1000 10000 Vins 
dt high-level output 
— 1000-10 000 


NOTE 3: Common-mode input transient immunity, high-level output, is the maximum rate of rise of the common-mode input voltage that 
does not cause the output voltage to drop below 2 V. Common-mode input transient immunity, low-level output, is the maximum 
rate of fall of the common-mode input voltage that does not cause the output voltage to rise above 0.8 V. 


dVcm Common-mode input transient immunity, 
dt - low-level output 


See Note 3 and Figure 2 
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HCPL2631 
DUAL-CHANNEL OPTOCOUPLER/OPTOISOLATOR 


PARAMETER MEASUREMENT INFORMATION 
(EACH CHANNEL) 


PULSE 5V 


GENERATOR 
Zo = 502 \ 
ty = Sns 
INPUT 
MONITOR OUTPUT 


(See Note A) 


TEST CIRCUIT 


— ——-—350 mV (lp = 7.5 mA) 


INPUT 
MONITOR Or ———175 mV (Ip = 3.75 mA) 


| | 
> tp —>1 tpLH le— 
I | 
OUTPUT | 


NOLTAGE. 1". - 43-3 SS —--1.5V 
= >= VOL 


WAVEFORMS 


VOH 


NOTE A: C,_ is approximately 15 pF, which includes probe and stray wiring capacitances. 


FIGURE 1. tp_H AND tpy_ FROM LED INPUT TEST CIRCUIT AND WAVEFORMS 
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HCPL2631 
DUAL-CHANNEL OPTOCOUPLER/OPTOISOLATOR 


PARAMETER MEASUREMENT INFORMATION 
(EACH CHANNEL) 


GENERATOR = 
TEST CIRCUIT 
dVcm 8V 
wWiv= Se dt ty or tf 
GENERATOR 90% 90% 
10% ! |\.10% 
wie | ly 3 
>i it, tet ie 


OO ————————_—__ ov 
SWITCH ATA: Ip = O 


ouTpPuT ——___ 4 — =~ Vo 


SWITCH AT B: Ip = 5mA 
VOLTAGE WAVEFORMS 


FIGURE 2. TRANSIENT IMMUNITY TEST CIRCUIT AND WAVEFORMS 


TYPICAL APPLICATION INFORMATION 


Optocouplers (Isolators) 


A ceramic capacitor (0.01 uF to 0.1 uF) should be connected between pins 8 and 5 to stabilize the high- 
gain amplifier. The total lead length between the capacitor and the optocoupler should not exceed 20 mm 
(0.8 inches). Failure to provide a bypass capacitor may result in impaired switching characteristics. 


ee one BUS (BACK) 


= =p 
a iter 1 


OUTPUT 2 


FIGURE 3. RECOMMENDED PRINTED CIRCUIT BOARD LAYOUT 
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HCPL2631 
DUAL-CHANNEL OPTOCOUPLER/OPTOISOLATOR 


a SS a a 
TYPICAL CHARACTERISTICS 


INPUT DIODE FORWARD CURRENT LOW-LEVEL OUTPUT VOLTAGE 
vs vs 
FORWARD VOLTAGE FREE—AIR TEMPERATURE 
0.4 ——— —,- 
Ta = 25°C Vec = 5.5 V ] | 
Llp = 5mA 
lol = 13 mA 


0.3 


0.2 


lp —Forward Current—mA 


VoL_—Low-Level Output Voltage—V 


ial 


rw ae Co en: 0 10 20 30 40 50 60 70 80 


Ta—Free-Air Temperature— °C 
FIGURE 5 


Ve—Forward Voltage—V 
FIGURE 4 


HIGH-LEVEL OUTPUT CURRENT 
vs 
FREE-AIR TEMPERATURE 


as 
Vcc = 5.5 V 

+ Vo = 5.5V 

Ip = 250 pA 


(S40}B/OS]) Suajdnos0}do He) 


loH—High-Level Output Current—nA 


1 
0-10-20". 30 40-50; 60 70,80 


Ta—Free-Air Temperature — °C 


FIGURE 6 
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tPpLH. tpHL—Propagation Delay Time—ns 


tPLH. tpHL— Propagation Delay Time—ns 


DUAL-CHANNEL OPTOCOUPLER/OPTOISOLATOR 


TYPICAL CHARACTERISTICS 


PROPAGATION DELAY TIME FROM LED INPUT 
vs 
PULSE FORWARD CURRENT 
100 


Vec = 5V 


1 
a 6 8 10 12 14 16 


Ip—Pulse Forward Current—mA 


FIGURE 7 


PROPAGATION DELAY TIME FROM LED INPUT 
vs 
LOAD RESISTANCE 
100 


° 
=a 
Nn 
w 
> 
a 


R_ —Load Resistance —k2 
FIGURE 8 
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HCPL2730, HCPL2731 
DUAL-CHANNEL OPTOCOUPLERS/OPTOISOLATORS 


D3262, JUNE 1989 


Dual-Channel Optocouplers 

High Current Transfer Ratio . . . 1800% Typ at IF = 0.5 mA 
Low Input Current Requirement... 0.5 mA 

High-Speed Switching . . . 100 kbit/s Typ 

High Common-Mode Transient Immunity . . . 500 V/yus Typ 
High-Voltage Electrical Insulation . . . 3000 V DC Min 

High Output Current Rating of 60 mA 

UL Recognized . . . File Number 65085 


description 


These devices are useful where large common-mode input signals exist, and in applications that require 
high-voltage isolation between circuits. Applications include line receivers, telephone ring detectors, power 
line monitors, high-voltage status indicators, and circuits that require isolation between input and output. 


The HCPL2730 and HCPL2731 dual-channel high-gain optocouplers each consists of a pair of light-emitting 
diodes and integrated high-gain photon detectors. The Vcc and output terminals may be tied together 
to achieve conventional photodarlington operation. An integrated emitter-base bypass resistor is provided 
for low leakage. 


The HCPL2730 is designed for use primarily in TTL applications. An LED input current of 1.6 mA and a 
minimum current-transfer ratio of 300% from O°C to 70°C allow operation with one TTL-load input and 
one TTL-load output utilizing a 2.2-kQ pullup resistor. 


The HCPL2731 is designed for use in CMOS, LSTTL, or other low-power applications. This device has 
a minimum current-transfer ratio of 400% for only 0.5-mA input current over an operating temperature 
range of O°C to 70°C. 


mechanical data 


9,91 (0.390) 
9.40 (0.370) 


#1 ANODE ® © © 


#1 CATHODE 
#2 CATHODE 
#2 ANODE 
GND 
#2 OUTPUT 
#1 OUTPUT 
Vec 
INDEX DOT 


7.87 (0.310) 


7.37 (0.290) ) 6) ©) O) 

6,60 (0.260) a 4 

6.10 (0.240) .78 (0.070) 
0.89 (0.035) MIN 1.14 (0.045) 


4.70 (0.185) MAX 


_} _ seatine pLane 


GAUGE PLANE — 0.84 (0.033) MIN 


8 PLACES 


| 
0,51 (0.020) 
0.76 (0.030) MIN 
0,00 (0.000) 


8 PLACES 


2.92 (0.115) MIN 0,457 + 0.076 
0.33 (0 o13_J\ (0.018 + 0.003) 
0,18 (0.007) 1.40 (0.055) 2.79 (0.110) 8 PLACES 
0.76 (0.030) 2,23 (0.090) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 


necessarily include testing of all parameters. INSTRUMENTS 
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HCPL2730, HCPL2731 
DUAL-CHANNEL OPTOCOUPLERS/OPTOISOLATORS 


schematic 


1 8 
#1 ANODE Vcc 
—> 
Z 
2 #1 OUTPUT 
#1 CATHODE 
3 
#2 CATHODE 
> 
—> 
4 6 
#2 ANODE #2 OUTPUT 
5 


GND 


absolute maximum ratings at 25°C free-air temperature range (unless otherwise noted) 


ie) 


(S10}e|OS]) S1ajdno90}do 


NOTES: 


Supply and output voltage range, Vcc and Vo: HCPL2730 ................... -O.5Vto7V 
VIGREZ Tt cits ce: stam Mera -0.5 to 18 V 
UUaG VU WON rt Ser aera s Mina kat cle Ueerere ane ie tee nit Oe et oe a ER Tan ele aa, w+ sv 
Peak input forward current per channel (pulse duration = 1 ms, 50% duty cycle)......... 40 mA 
Average forward input current per channel at (or below) 50°C free-air 
temperature (pee. Noten) nna sets PSS a7 8. ere IRS dite sateee- leet ees: 20 mA 
Output current per channel at (or below) 35°C free-air temperature (see Note 2).......... 60 mA 
Input power dissipation per channel at (or below) 50°C free-air temperature (see Note 3)... 35 mW 
Output power dissipation per channel at (or below) 35°C free-air 
100 mW 


STUN COU EE AY res ces Secs st Cee a oo teh oe see a a 27 e meee ieee bi ae 
—40°C to 85°C 


—55°C to 125°C 
260°C 


OMSHTNG CANORA NI Care 25, oe ys (ssa a nF Relea pee ee Soe ac 1 ee eee 
StOLAGG TONDSTMTUTOVONGS aie c sc < hc eo oo a Siw See DM OT KS Shes Oe ee TE 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds.............020000005 


1. Derate linearly above 50°C free-air temperature at a rate of 0.57 mA/°C. 
2. Derate linearly above 35°C free-air temperature at a rate of 1.2 mA/°C. 

3. Derate linearly above 50°C free-air temperature at a rate of 1.0 mW/°C. 
4. Derate linearly above 35°C free-air temperature at a rate of 2.0 mW/°C. 
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HCPL2730, HCPL2731 
DUAL-CHANNEL OPTOCOUPLERS/OPTOISOLATORS 


electrical characteristics over operating free-air temperature range of 0°C to 70°C (unless otherwise 
noted) 


PARAMETER TEST CONDITIONS een HCPL2731 
MIN i AX | MIN vial MAX 
= 1.6 mA, = 25°C 17 


Temperature coefficient area cee 
of forward voltage 
i= 100A Ta=2ec | 58 +t 
Vec = 4.5V, Ip = 1.6 mA, oF ee 
lo. = 4.8 mA, — 
lo. = 8 mA, 
Vec = 4.5 V, ea 5 mA, 
lol = 15 mA, Ip = 


Vec = 4.5V. Ip = 12 mA, 
lol = 24 mA, Ip = 0 


< 


Low-level output voltage 


= 
> 


High-level output current 
100 


3 


Supply current, 


\ 
CCH high-level output 


Supply current, 
low-level output 


400% 1800% 


Current transfer ratio 
: . B 300% 1000% 500% 1600% 
See Note 5 


Vj = 800 V 
Vio = 500 V, See Note 6 


Input-input insulation Vii = 500 V, = 5s, 
leakage current RH = 45% 


ae mo — 


Optocouplers (Isolators) 


input-output insulation 
leakage current 


Ta = 25°C, RH = 45%, 


See Note 6 


Ve = 0, TM 
Input-input capacitance ee ee 
Input-output capacitance f = 1 Mkz, See Note 6 a ae) 


TAll typical values are at Vcc = 5 V, Ta = 25°C, unless otherwise noted. 
NOTES: 5. Current transfer ratio is defined as the ratio of output collector current Io to the forward LED input current IF times 100%. 
6. These parameters are measured between pins 2 and 3 shorted together and pins 5, 6, 7 and 8 shorted together. 


So are 
ie. ee 
bees | a 
Pi A Re 
i: ee 
Me. sa ED 


pl 
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HCPL2730, HCPL2731 
DUAL-CHANNEL OPTOCOUPLERS/OPTOISOLATORS 


switching characteristics at Vcc = 5 V, Ta = 25°C 


PARAMETER TEST CONDITIONS HGRE ASS ed 
TYP MAX | MIN 


WwW 


NOTES: 7. 


(S40}e]OS]) Siajdnos0}doO 


= 1.6 mA, = 2.2 kQ, 
— Figure 1 
Propagation delay time, | If = 0.5 mA, RL = 4.7 kQ 
high-to-low level output | See Figure 1 
Ip = 12 mA, RL = 2709, 
See Figure 1 
Ip = 1.6 mA, RL = 2.2 kQ 
See Figure 1 


Ip = 12 mA, RL = 

See Figure 1 
Common-mode input Vom = 10 Vp-p, If = 0, 
transient immunity, RL = 2.2 kQ, See Notes 7 and 8, 
high-level output See Figure 2 


Common-mode input Vom = 10 Vp-p, Ip = 1.6 mA, 
transient immunity, RL = 2.2 kQ, See Figure 2 


Propagation delay time, ||- = 0.5 mA, RL = 4.7 kQ 
low-to-high-level output | See Figure 1 


low-level output See Notes 7 and 8 


Common-mode transient immunity, high-level output, is the maximum rate of rise of the common-mode input voltage that 
does not cause the output voltage to drop below 2 V. Common-mode input transient immunity, low-level output, is the maximum 
rate of fall of the common-mode input voltage that does not cause the output voltage to rise above 0.8 V. 


. In applications where dV/dt may exceed 50,000 V/us (such as static discharge) a series resistor, Rcc, should be included 


to protect the detector IC from destructively high surge currents. The recommended value is: 


1 
R st eeeeeerereree) IAD) 
cg 0.15 Ip (mA) 
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HCPL2730, HCPL2731 
DUAL-CHANNEL OPTOCOUPLERS/OPTOISOLATORS 


PARAMETER MEASUREMENT INFORMATION 


TEST PER CHANNEL 


eee a or ie | 


lr» 


PULSE 
GENERATOR 
Zo = 502 
tp = Sns 


INPUT CURRENT 
MONITOR 


100 2 


TEST CIRCUIT 
a Ir 
CURRENT __ cl _ wee 0 
l 
7 5V 
OUTPUT | | 
VOLTAGE | | 
1! 1 wet 
tPHL ke le tel 


WAVEFORMS 


NOTE A: C, includes probe and stray capacitances. 


FIGURE 1. SWITCHING TEST CIRCUIT AND WAVEFORMS 


OUTPUT 


C, = 15 pF 
(See Note A) 
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HCPL2730, HCPL2731 
DUAL-CHANNEL OPTOCOUPLERS/OPTOISOLATORS 


PARAMETER MEASUREMENT INFORMATION 


Ip « TEST PER CHANNEL Rec 


e OUTPUT 


GND 
GENERATOR 
TEST CIRCUIT 
3 16.V= =~ 

GENERATOR 90% = 90% dVom BV 
oe 10% fi 1} 10% at Apart 

ty = 8ns TYP 

pl et t 
all ai te = 8ns TYP 


OUTPUT an = 5 ov 
SWITCH AT A: If = 0 


OUTPUT $$$ nn mre vi 


SWITCH AT B: Ir = 1.6 mA 
WAVEFORMS 
NOTE A: In applications where dV/dt may exceed 50,000 V/us (such as static discharge) a series resistor, Rc, should be included to 


protect the detector IC from destructively high surge currents. The recommended value is: 
1 


0.15 Ip (mA) 


(S40}e]OS]) ssajdnos0}doO 


Rec 


FIGURE 2. TRANSIENT IMMUNITY TEST CIRCUIT AND WAVEFORMS 
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HCPL2730, HCPL2731 
DUAL-CHANNEL OPTOCOUPLERS/OPTOISOLATORS 


TYPICAL CHARACTERISTICS 


HCPL2730 
CURRENT TRANSFER CHARACTERISTICS 


Iq—Output Current—mA 


(0) 0.5 A 1.5 2 2.5 
Vo — Output Voltage—V 


FIGURE 3 


INPUT DIODE FORWARD CURRENT 
vs 
FORWARD VOLTAGE 
20 
Vcc = 4.5 V 
Ta = 25°C | 


18 


16 


14 


12 
10 


Ip —Forward Current—mA 


oN FF D OW 


0 0.5 1 1.5 2 
Vr—Forward Voltage—V 


FIGURE 5 


lo— Output Current—mA 


Iq —Output Current—mA 


HCPL2731 


CURRENT TRANSFER CHARACTERISTICS 


80 


70 


60 


50 


40 


Vo—Output Voltage—V 
FIGURE 4 
OUTPUT CURRENT 


vs 
INPUT DIODE FORWARD CURRENT 


0.1 
0.10.2040.71 2 4 710 20 40 
Ip—Input Diode Forward Current—mA 


FIGURE 6 
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HCPL2730, HCPL2731 
DUAL-CHANNEL OPTOCOUPLERS/OPTOISOLATORS 


TYPICAL CHARACTERISTICS 


HCPL2730 
CURRENT TRANSFER RATIO RELATIVE CURRENT TRANSFER RATIO 
vs vs 


FREE-AIR TEMPERATURE 


INPUT DIODE FORWARD CURRENT 


1.05 
Vcc = 4.5 V 
IF = 1.6 mA 
1 | Vo = 0.4V 


0.95 


0.90 


0.85 


CTR—Current Transfer Ratio—% 


Ww 


Current Transfer Ratio Relative to Value at Ta = 25°C 


(e) ) 0.80 
no] 0.1 0.2 0.40.71 2 4 710 20 40 0 10 20 30 (40 ‘50 60 70 ‘80 
Pa Ip—Input Diode Forward Current—mA Ta—Free-Air Temperature — °C 
8 FIGURE 7 FIGURE 8 
i= 
oe HCPL2731 
@ RELATIVE CURRENT TRANSFER RATIO PROPAGATION DELAY TIMES 
” vs vs 
= a FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
OQ A 1.05 
Ss 
a iS 
ae 2 
os s l 
3 3 
> £ 
2 0.95 E 
> 
2 ] 
a fa) 
& 0,90 § tpLH HCPL2730 
Bo = 
3 H tpHL HCPL2730 
o 
3 0.85 a 
&S tpHL_ HCPL2731 
= 
§ 0.80 4 
5 o 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 
2 Ta—Free-Air Temperature— °C Ta—Free-Air Temperature— °C 
FIGURE 9 FIGURE 10 
Ti wy 
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Propagation Delay Times—ys 


TYPICAL CHARACTERISTICS 


PROPAGATION DELAY TIMES 
vs 
FREE-AIR TEMPERATURE 


” 
tpLH—HCPL2730 r 
: 3 
£ 
= 
& 
+— tp_LH—HCPL2731 2 
c 
s 
3 
2 
s 
[-9 
2 
a 
tpHL—HCPL2730 
tpHL—HCPL2731 Pid 
0 10 20 30 40 50 60 70 80 O41 


Ta—Free-Air Temperature— °C 
FIGURE 11 


HCPL2731 


PROPAGATION DELAY TIMES 


vs 
FREE-AIR TEMPERATURE 


=| 
ae: al 


| 


a Aa 


0 20 30 40 50 60 
Ta—Free-Air Temperature — °C 


FIGURE 12 
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MCT2, MCT2E 
OPTOCOUPLERS 


D2731, MARCH 1983 


COMPATIBLE WITH STANDARD TTL INTEGRATED CIRCUITS 


@ Gallium Arsenide Diode Infrared Source @ High-Voltage Electrical Isolation . . . 1.5-kV 
Optically Coupled to a Silicon N-P-N or 3.55-kV Rating 
Phatatnnsaris @ Plastic Dual-In-Line Package 
@ High Direct-Current Transfer Ratio © High-Speed Switching: t; = 5 us, te = 5 us 
@ Base Lead Provided for Conventional Typical 
Transistor Blasing ®@ Designed to be Interchangeable with General 


Instruments MCT2 and MCT2E 


mechanical data 


The package consists of a gallium arsenide infrared-emitting diode and an n-p-n silicon phototransistor mounted on 
a 6-lead frame encapsulated within an electrically nonconductive plastic compound. The case will withstand soldering 
temperature with no deformation and device performance characteristics remain stable when operated in high-humidity 
conditions. Unit weight is approximately 0.52 grams. 


9,40 (0.370) 
8,38 (0.330) 


OOo NOTES: 


, a, Leads are within 0,13 mm (0.005 inch) radius of 
7162 0.300) Tp apea true position (T.P.) with maximum material 
shins da condition and unit installed. 


enon Cre ores b. Pin 1 identified by index dot. 


6,09 (0,240) 
5,46 (0.215) c. Terminal connections: 


2.92 (0.115) + 1,78 (0.070) MAX 
6 PLACES. . Anode Infrared-emitting 


. Cathode diode 
, No internal connection 


3 


— SEATING PLANE 


47 )70) i 
0,305 (0.012) T 8: (0.070) . Emitter 


_, 0.203 (0,008) 0551 (0.020) 
> 2,29 (0.090) Collector Phototransistor 


3,81 (0.180) 3'35-70.050) B 
. Base 
317 (0.125) 4 PLACES 0.534 (0.021) 
0,387 (0.015) 


2,54 (0.100) T.P, — PLACES 
(See Note a) 


1,01 (0.040) 
MIN 


FALLS WITHIN JEDEC MO-001AM DIMENSIONS 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Optocouplers (Isolators) 


MOUC-OUIpULventaue ice cr oct ts ores be es tie ltee tee tre mack tee reeem a eer amt evento rte Stak 
MGT2E oc... FT VER, Bs secs aol aisea! a a roe +3.55 kV 
MOlStthl-Base VGitsdes ... eens ale tar me ce aie mike teheoeeemen nt hee ante aan ce ant haa S 70 V 
‘Gollector-Emitter Voltage (See: Note T)) 3... 6. ics: ae sc eels weaieemaes 2 ba Se © bagaieccaemnl es eee eT nee 30 V 
EmitterCallactor- WOMsoer ss. ape han ime ie ie cae ee tak’ Pea ce cathe Te eee mE PR tne eae 7V 
Emitter-Base Voltage: bia 23 x <r has Os. ai peters tone haces an aa se lita il + gieacaategmis Pe tame Tv 
INpUt-Diade “ReversetVUrtage ots acs oe ere este ere eee eee ee eee Siete ae ere teeta art a arn 3V 
Input-Diode Comntinviols: Forward GURIGAt: . <..<. < «3-90. fs cee +s aoe We ole 2b eee Fe ee 60 mA 
Input-Diode Peak Forward Current (tw = 1.ns, PRF s 300 Hz) .... 2.6. ccc ee eee eens 3A 
Continuous Power Dissipation at (or below) 25°C Free-Air Temperature 
Infrated-Emitting Diode: (See (Note, 2) 2.0.6. Saree vin Bed See as Waroeioe wasn geek! etpats as 200 mW 
PRetotiansistor (See eee 82 i. scat in Snstav hs caste oe eB Gob eee alba ss eee Tera enetata a Mien wees So 200 mW 
Total, Infrared-Emitting Diode plus Phototransistor (See Note 3) ................2-200000e 250 mW 
Operating. Free-Air Temperatiire Range’ . .. ciidics oc cm actiwns Moko «ale oe wets SR =55°C'te: 100°C 
Stordge Temperature! Range va she %e so dees Shia sy eis eal DE ee Stee RoR es eo Nope 5 Sees —55°C to 150°C 
Lead Temperature 1,6 mm (1/16 inch) from Case for 10 Seconds .............20000 cece cseeee 260°C 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Derate linearly to 100°C free-air temperature at the rate of 2.67 mW/°C. 
3. Derate linearly to 100°C free-air temperature at the rate of 3.33 mW/°C. 


Copyright © 1983, Texas Instruments Incorporated 


PRODUCTION DATA documents contain information e 
eiirent as of pablieaties date. Freda conform to Ti we 

specifications per the terms of Texas Instruments 
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MCT2, MCT2E 
OPTOCOUPLERS 


electrical characteristics at 25°C free-air temperature 


MCT2, MCT2E 
PARAMETER TEST CONDITIONS MIN. TYP MAX 
Collector-Base Ic = 10 pA, le = 0, 
70 Vv 
V(BR)CBO Breakdown Voltage Ip =O 
V(BR)CEO Collector-Emitter Ic = 1mA 
Breakdown Voltage Ip =O 
: aa. 


iy Ip = 0, 

Emitter-Collector IE = 100 pA, Ip = 0, 
v Z 
KSRIEED Breakdown Voltage 


On-State 
IC(on) Collector 
Current 


Off-State 
Collector 
Current 


Photodiode Vcp = 10 V, Ip = 0, 
Operation =0 


Transistor Static 
Forward Current 
Transfer Ratio 
Ve Input Diode Static 
Forward Voltage 
Collector-Emitter Ic = 2 mA, Ip = 16 mA, 
Saturation Voltage Ip =0 
Vin-out = +1.5 kV for MCT2 
+3.55 kV for MCT2E 
See Note 4 
Vin-out = 9, 
See note 4 


VcE(sat) 


Input-to-Output 


Internal Resistance 


Input-to-Output 
Capacitance 


NOTE 4: These parameters are measured between both input-diode leads shorted together and all the phototransistor leads shorted together. 


switching characteristics at 25°C free-air temperature 


Phototransistor Vcc = 10V, — Icion) = 2 mA, RL = 1009, 
Photodiode Vec = 10V, Icon) = 20 #A, RL = 1 ka, f epetey sac varie | 


tt Fall Time Operation See Test Circuit B of Figure 1 


we 
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MCT2, MCT2E 
OPTOCOUPLERS 


PARAMETER MEASUREMENT INFORMATION 


472 


INPUT 


OUTPUT 
(See Note b) 
RL = 1002 


TEST CIRCUIT A 
PHOTOTRANSISTOR OPERATION 


Adjust amplitude of input pulse for: 
Clon) = 2 MA (Test Circuit A) or 
IC(on) = 20 HA (Test Circuit B) 


INPUT 


ot = 


10% 


VOLTAGE WAVEFORMS 


472 


INPUT 


OUTPUT 


TEST CIRCUIT B 
PHOTODIODE OPERATION 


(See Note b) 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: Zou, =50 2, ty < 15 ns, duty cycle ~ 1%, 


tw = 100 us. 


b. The output waveform is monitored on an oscilloscope with the following characteristics: t; < 12 ns, Rj, 2 1 M2, Cj, < 20 pF. 


FIGURE 1—SWITCHING TIMES 
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I¢—Collector Current—mA 
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TYPICAL CHARACTERISTICS 


COLLECTOR CURRENT COLLECTOR CURRENT 
vs vs 
INPUT-DIODE FORWARD CURRENT COLLECTOR-EMITTER VOLTAGE 


Ip=0 
Ta=25°C 
See Note 5 


I¢—Collector Current—mA 


CO TINE 
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0.1 04 1 4 10 40 100 0 2 4 6 8 10 12 14 16 18 20 
I p—Forward Current—mA VceE—Collector-Emitter Voltage—V 
FIGURE 2 FIGURE 3 


RELATIVE ON-STATE COLLECTOR CURRENT 
vs 
FREE-AIR TEMPERATURE 


1.6 


25°C 


aa T 
VcE =0.4V to 10 V 
Ip=0 
Ip =10 mA 
See Note 6 
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Collector Current Relative to Value at Ta 
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FIGURE 4 


NOTES: 5. Pulse operation of input diode is required for operation beyond limits shown by dotted lines. 
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6. These parameters were measured using pulse techniques. tw = 1 ms, duty cycle < 2%. 


TEXAS % 


INSTRUMENTS 


POST OFFICE BOX 655303 - DALLAS, TEXAS 75265 


MOC3009 THRU MOC3012 
OPTOCOUPLERS/OPTOISOLATORS 


02998, AUGUST 1985 


250 V Phototriac Driver Output @ Directly Interchangeable with 


Motorola MOC3009, MOC3010, 


@ Gallium Arsenide Diode Infrared Source and 
Optically Coupled Silicon Triac Driver MOC3O1T. and MOGAO1¢ 
(Bilateral Switch) @ Direct Replacements for: 


TRW Optron OPI3009, OPI3010, 


@ UL Recognized . . . File Number E65085 OPI3011, and OPI3012: 
@ High Isolation . . . 7500 V Peak General Instrument MCP3009, 
‘ ‘ MCP3010, MCP3011; 
®@ Output Driver Designed for 115 V AC General Electric GE3009, GE3010, 
® Standard 6-Pin Plastic DIP GE3011, and GE3012 
mechanical 


Each device consists of a gallium arsenide infrared emitting diode optically coupled to a silicon phototriac 
mounted on a 6-pin lead frame encapsulated within an electrically nonconductive plastic compound. The 
case will withstand soldering temperature with no deformation and device performance characteristics 
remain stable when operated in high-humidity conditions. 


W 


9.40 (0.370) 
8,38 (0.330) 


©O® 


& INDEX DOT 


7.62 (0.300) T.P. (See Note B) 
(See Note A) 


6.61 (0.260) 
6.09 (0.240) ® @® © Se note c) 


§,46 (0.215) 
2,92 (0.115) 1,78 (0.070) MAX 


6 PLACES 


— SEATING PLANE 


0.305 (0.012) fi - fb 1,01 (0.040) 
6.203 (0.008) « MIN 


4 2.29 (0.090) 
. 450} 1.27 10.050) 

. 4 PLACES 0.534 (0.021) 

0.381 (0.015) 


2,54 (0.100) T.P. 
(See Note A) 


6 PLACES 


Optocouplers (Isolators) 


FALLS WITHIN JEDEC MO.001 AM DIMENSIONS 


: A.Leads are within 0,13 mm (0.005 inch) radius of true position (T.P.) with maximum material 
condition and unit installed. 
B. Pin 1 identified by index dot. 
C. Terminal connections: 
1. Anode } Infrared-emitting 
. Cathode diode 
. No internal connection 
. Main terminal 


. Triac substrate 4 
(DO NOT connect) PAB ISInae 


. Main terminal 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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MO0C3009 THRU MOC3012 
OPTOCOUPLERS/OPTOISOLATORS 


eae Ss Ss ee ee ee 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Input-to-output peak voltage, 5 s maximum duration, 60 Hz (see Note 1) ............... 7.5 kV 
Input diode teverse Voltage’... eo cts wie cos 4 0 MMO SIRT ROE nenemees Mewar eed 3V 
Input diode forwardycurrentacontinuouss). 8... ce ee oe ee aa a ee g ND, BIR 50 mA 
Output repetitive WeAksOhtsetatensOlta gains. 55. 5.66.14: 6 2s eugene amps crlah cues = ws Bae ea mentee 250 V 
Output on-state current, total rms value (50-60 Hz, full sine wave): 
TA =(2RRCIOA avacncrart esehe 6. 2s to Re RE, «eet. 6 100 mA 
TA = 7O°Q@ PEE DROEIIM: «65. - ochceks ferret es aoe aoe eee eas 50 mA 
Output driver nonrepetitive peak on-state current 
(tw. = 10 msAdtityicyele: =! 10%;i'see Figure 7)... ............ SU SO a ey 1.2A 
Continuous power dissipation at (or below) 25°C free-air temperature: 
infrared-amitting. diad6é: (see: Note) 2)... 5 5 a8 esi 5 OS ees ee Kale o Tee ae so 100 mW 
PROTOUUIOE COMO OMEN obs 35s 50 alae ates oc ee ee non a oie he ER 300 mw 
WOU Cute lemme NE EDs aes ete Bens: Shae eee ee eeu ea ae eo aah 330 mW 
Operating juriction tarmperature range... ee we epee re cues es eee —40°C to 100°C 
SOTEOS IGINGVALLIFE TENE Siete nes 8) kus cue = Goranson ay ey amue over Oke sae Oa —40°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. .............000 eee ee 260°C 


1. Input-to-output peak voltage is the internal device dielectric breakdown rating. 
2. Derate linearly to 100°C free-air temperature at the rate of 1.33 mW/°C. 

3. Derate linearly to 100°C free-air temperature at the rate of 4 mW/°C. 

4. Derate linearly to 100°C free-air temperature at the rate of 4.4 mW/°C. 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX 


Input trigger current, 
either direction 


VIM Peak on-state voltage, either direction ITM = 100 mA 
i____Holding current. either direction WOM akisie ~~ SS 


NOTE 5: Test voltage must be applied within dv/dt rating. 
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MOC3009 THRU M0C3012 
OPTOCOUPLERS/OPTOISOLATORS 


PARAMETER MEASUREMENT INFORMATION 


INPUT 
(See Note 6) 


NOTE 6: The critical rate of rise of off-state voltage, dv/dt, is measured with the input at O volts. The frequency of Vjn is increased until 
the phototriac just turns on. This frequency is then used to calculate the dv/dt according to the formula: 


dv/dt = 2 J2zfVin 


The critical rate of rise of commutating voltage, dv/dt(c), is measured by applying occasional 5-volt pulses to the input and increasing 
the frequency of Vjn until the phototriac stays on (latches) after the input pulse has ceased. With no further input pulses, the 
frequency of Vjn is then gradually decreased until the phototriac turns off. The frequency at which turn-off occurs may then 
be used to calculate the dv/dt(c) according to the formula shown above. 


FIGURE 1. CRITICAL RATE OF RISE TEST CIRCUIT 


et) 


TYPICAL CHARACTERISTICS 


EMITTING DIODE NORMALIZED TRIGGER CURRENT 
vs 
FREE-AIR TEMPERATURE ON-STATE CHARACTERISTICS 
1.4 


Optocouplers (Isolators) 
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MOC3009 THRU MOC3012 
OPTOCOUPLERS/OPTOISOLATORS 


TYPICAL CHARACTERISTICS 


CRITICAL RATE OF RISE OF OUTPUT VOLTAGE CRITICAL RATE OF RISE OF OUTPUT VOLTAGE 
vs vs 
LOAD RESISTANCE FREE-AIR TEMPERATURE 
14 0.24 


Sn eee 
Ta = 25°C 
See Figure 1 


dv/dt 
waits cone OV /AEIC) 


oy See Figure 1 
o = a 
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> FIGURE 4 FIGURE 5 
° 
8 RMS APPLIED VOLTAGE 
c (FOR dv/dt(c) = 0.15 V/us) 
TC vs 
OD FREQUENCY 
< 1000 
n 
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(7) > See Figure 1 
fo} d dv/dt = 2V2xVin 
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= 2 
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FIGURE 6 


Commutating dv/dt— V/s 
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Vec 


Itsm—Nonrepetitive Peak On-State Current—mA 


MOC3009 THRU MOC3012 
OPTOCOUPLERS/OPTOISOLATORS 


MAXIMUM RATINGS 


NONREPETITIVE PEAK ON-STATE CURRENT 
vs 
PULSE DURATION 


ecu alit il 
SI 
AEA a 


Qo! 
0.01 0.1 100 
tw—Pulse Anne ms 


FIGURE 7 


TYPICAL APPLICATIONS 


MOC3009-M0C3012 RL 


Optocouplers (Isolators) S 


FIGURE 8. RESISTIVE LOAD 
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MOC3009 THRU MOC3012 
OPTOCOUPLERS/OPTOISOLATORS 
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TYPICAL APPLICATIONS 


MOC3009-MOC3012 


(6) 1802  2.4k2 


Vcc 


Igt~ 15 mA 


FIGURE 9. INDUCTIVE LOAD WITH SENSITIVE-GATE TRIAC 


MOC3009-M0C3012 


(6) 1802 1.2 ko 


Vcc 


15 mA<IgT<50 mA 


FIGURE 10. INDUCTIVE LOAD WITH NONSENSITIVE-GATE TRIAC 
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MOC3020 THRU MO0C3023 
OPTOCOUPLERS/OPTOISOLATORS 


D2899, OCTOBER 1986 


400-V Phototriac Driver Output ® Directly Interchangeable with 
. 5 ‘ Motorola MOC3020, MOC3021, 
Gallium Arsenide Diode Infrared Source and MOC3022, and MOC3023 
Optically Coupled Silicon Triac Driver 
(Bilateral Switch) ® Direct Replacements for: 
r ij TRW Optron OPI3020, OPI3021, 
@ UL Recognized .. . File Number E65085 OPI3022, and OPI3023; 
® High Isolation . . . 7500 V Peak General Instrument MCP3020, 
; F MCP3021, MCP3022; 
@ Output Driver Designed for 220 V AC General Electric GE3020, GE3021, 
@ Standard 6-Pin Plastic DIP GE3022, and GE3023 
mechanical 


Each device consists of a gallium arsenide infrared emitting diode optically coupled to a silicon phototriac 
mounted on a 6-pin lead frame encapsulated within an electrically nonconductive plastic compound. The 
case will withstand soldering temperature with no deformation and device performance characteristics 
remain stable when operated in high-humidity conditions. 


9.40 (0.370) 
8,38 (0.330) 


W 


©@O® 


q 
7,62 (0.300) T.P. aoe tee ai 
(See Note A) 


6,61 (0.260) 


6,09 (0.240) (©) (@) @® (See Note C) 


5,46 (0.215) 
2,92 (0.115) 1,78 (0.070) MAX 
6 PLACES 


— SEATING PLANE 
ke. 01 (0.040) 


0,305 (0.012) aes 87) 
0.203 (0.008) valde 


Optocouplers (Isolators) 


2,54 (0.100) T.P. 6 PLACES 


(See Note A) 


4 2,29 (0.090) 
peas, 1,27 (0.050) 

17'(0.125) a PLACES 0,534 (0.021) 

0,381 (0.015) 


FALLS WITHIN JEDEC MO-001 AM DIMENSIONS 


NOTES: A. Leads are within 0,13 mm (0.005 inch) radius of true position (T.P.) with maximum material 
condition and unit installed. 
. Pin 1 identified by index dot. 


. Terminal connections: 
\ Infrared-emitting 
diode 


. Anode 
. Cathode 
. No internal connection 
. Main terminal 
. Triac Substrate 
(DO NOT connect) 
6. Main terminal 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


Phototriac 
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MO0C3020 THRU MOC3023 
OPTOCOUPLERS/OPTOISOLATORS 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Input-to-output peak voltage, 5 s maximum duration, 60 Hz (see Note 1) .............-. 7.5 kV 
Input diode reVErsG VONAGE... ieee eee + SOM DRED Ce OBlesG? jnieatat 3V 
Input diode forwerdiaurrantieontinubuSei? .o.6 1c ek eee ewes oe ty idete Bs tears! « 50 mA 
Output repGmuvG Pea Off Staternvaltageyy icc ee ois aig ois peo eerie Bip aoa 9 4 6) ays 400 V 
Output on-state current, total rms value (50-60 Hz, full sine wave): 
TA= 282CC90M. trwermaterd derane®. . 2. oc eee ones os BE Ss aetna 100 mA 
Some. ER ns | HR Sige re i, eT eee er ee 50 mA 
Output driver nonrepetitive peak on-state current 
(tw = 10 ms, dittpcyeléx= 10%P66e Figure 7) ............... GRR oie 229.9. nets 1.2A 
Continuous power dissipation at (or below) 25°C free-air temperature: 
infrared-emitting diode {see Note 2)... cca baw ee cede se cere cess ob 100 mw 
PEGE a I sk iw Sopa a oneal ale dacs Solace ss ald eS Saal bs: 300 mW 
wi tae. eee iris tei erg repre Rao iar pee 330 mW 
Coerating Ritcecs! Uenperenure TONGS. os. ie os ee 6 ses ess te ee ale se —40°C to 100°C 
MIDVEGE COMIPATAUUMETEIENG ccc cise ie ies one, any usie cert «Se alps ie aR cyt tL oo eee -—40°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds...................-5- 260°C 
NOTES: Input-to-output peak voltage is the internat device dielectric breakdown rating. 


7. 

2. Derate linearly to 100°C free-air temperature at the rate of 1.33 mW/°C. 
3. Derate linearly to 100°C free-air temperature at the rate of 4 mW/°C. 

4. Derate linearly to 100°C free-air temperature at the rate of 4.4 mW/°C. 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX 


IR Static reverse current VR=3V 0.05 100 
Ve Static forward voltage Ip = 10 mA Vv 
Oo = 


i ieee ter 1S" 

Foam Repettive aft aatecurent athe dvecion | Von = 400V_ See Wate | 10100] 
[avidt Crit rate of rise of off state vokage | See Figure too] 
dv/dtic) Critical rate of rise of commutating voltage | lo =15mA,SeeFiguet  [ 0.15 | 
ome ad 
——- 
ae OS 
[Wr Peok onto votege: ether drecton | a = T00mA a 
[ins Wolng caren etherdreation [10 


NOTE 5: Test voltage must be applied at a rate no higher than 12 V/us. 


Input trigger current, 


i 
or either direction 


ie 
Ss. 
mA 
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MOC3020 THRU MOC3023 


OPTOCOUPLERS/OPTOISOLATORS 


PARAMETER MEASUREMENT INFORMATION 


Vcc 


Vin = 30 V rms 


INPUT 
(See Note 6) 


NOTE 6: The critical rate of rise of off-state voltage, dv/dt, is measured with the input at O volts. The frequency of Vj, is increased until 


the phototriac just turns on. This frequency is then used to calculate the dv/dt according to the formula: 


dv/dt = 2 J2zxfVin 


The critical rate of rise of commutating voltage, dv/dt(c), is measured by applying occasional 5-volt pulses to the input and increasing 
the frequency of Vjp until the phototriac stays on (latches) after the input pulse has ceased. With no further input pulses, the 
frequency of Vjn is then gradually decreased until the phototriac turns off. The frequency at which turn-off occurs may then 


be used to calculate the dv/dt(c) according to the formula shown above. 


FIGURE 1. CRITICAL RATE OF RISE TEST CIRCUIT 


TYPICAL CHARACTERISTICS 


EMITTING DIODE NORMALIZED TRIGGER CURRENT 


1e¥) 
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vs 
FREE-AIR TEMPERATURE ON-STATE CHARACTERISTICS 
1.4 800 
Output tw = 800 us 
a 600} IF = 20 mA4 
¢ 1.3 . | —+— | ‘ f = 60 Hz 
| : Ta = 25°C 
# e 400 ii 
£ i hee’ 5 
e es 200 
f 6 
a] fe 
= 1,0 3 iy 
= a 
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2 09 fe Nee 
-— 600 
0.8 —— a8 -800 
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Ta—Free-Air Temperature— °C Vtm—Peak On-State Voltage—V 
FIGURE 2 FIGURE 3 
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MOC3020 THRU MOC3023 
OPTOCOUPLERS/OPTOISOLATORS 


MAXIMUM RATINGS 


NONREPETITIVE PEAK ON-STATE CURRENT 


vs 
PULSE DURATION 
iii a a 
Bill IN 
CEA ETA NL 
TIM 


Itsm—Nonrepetitive Peak On-State Current—mA 


0.01 0.1 100 
tw —Pulse Duration—ms 


FIGURE 4 


TYPICAL APPLICATIONS 


MOC3020-MOC3023 
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Vec 


220 V, 60 Hz 


FIGURE 5. RESISTIVE LOAD 
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MO0C3020 THRU M0C3023 
OPTOCOUPLERS/OPTOISOLATORS 


TYPICAL APPLICATIONS 


MOC3020-MOC3023 


(6) 1802 2.4k9 


Vcc 


220 V, 60 Hz 


Igt = 15 mA 


FIGURE 6. INDUCTIVE LOAD WITH SENSITIVE-GATE TRIAC 


MOC3020-MOC3023 


(6) 180 9 


Vcc 


220 V, 60 Hz 


15 mA < Igt < 50 mA 


FIGURE 7. INDUCTIVE LOAD WITH NONSENSITIVE-GATE TRIAC 
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OPI8012, OPI8013, OPI8014, OPI8015 
OPTOCOUPLERS/OPTOISOLATORS 


D2961, SEPTEMBER 1986 


@ Gallium Arsenide Emitter Optically Coupled @ Directly Interchangeable with TRW Optron 
to a Photo-Detector Integrated Circuit OPI8012, OPI8013, OPI8014, OPI8015 
@ Output Compatible with TTL/LSTTL Logic @ Standard 6-Pin Dual-in-Line Package 
res @ Schmitt Trigger Stage with Hysteresis for High 
Fan-Out of 8 TTL Loads Noise Immunity 
Four Output Versions: @ 200-kilobaud Data Rate 


OPI8012 Buffer Totem-Pole 
OPI8013 Buffer Open-Collector 
OP1I8014 Inverter Totem-Pole @ UL Recognized — File Number E65085 


OPI8015 Inverter Open-Collector 


@ High-Voltage Electrical Isolation . . . 3540-V 
Peak Rating 


70-ns Maximum Rise Time or Fall Time 


mechanical data 


Each device consists of a gallium arsenide infrared emitting diode and a silicon monolithic photo-detector 
integrated circuit. The device is mounted on a 6-pin lead frame encapsulated within an electrically 
nonconductive plastic compound. The photo-detector IC incorporates a photodiode, a linear amplifier, a 
Schmitt Trigger hysteresis stage, and a digital output stage. 


ee} —— = 
©O®@ 


q INDEX DOT 
7,62 (0.300) T.P. (See Note 8) 
(See Note A) 


er nee ® © @ see nore co 


5.46 (0.215) 
2,92 10.178) 1.78 (0.070) MAX erie 


6 PLACES OPi8015 


— SEATING PLANE 


0,305 (0.012) Sarto ore, 


03 I 


1,01 (0.040) 
MIN 


af 


2.54 (0.100) T.P. 
(See Note A) 


6 PLACES 


Bas is 3.8110.150) 3435-19-990 
31710125) 
) @PLAces 0.534 (0.021) 
0.387 (0.075) 


FALLS WITHIN JEDEC MO 001 AM DIMENSIONS 


. Leads are within 0,13 mm (0.005 inch) radius of true position (T.P.) with 
maximum material condition and unit installed. 

. Pin 1 identified by index dot. 

. Terminal connections: 


1. Anode oe 4. Output Photo- 
Inf - 
2. Cathode \in rarecemipting 5. GND detector 


3. No internal connection diede 6. Supply Voltage, Vcc ) IC 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


Copyright © 1986, Texas Instruments Incorporated 
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OP18012, OPI8013, OPI8014, OPI8015 
OPTOCOUPLERS/OPTOISOLATORS 


schematic diagrams 


(Ss0}e]OS]) Ssajdnos0}dO He) 


Vec 


a 
ANODE 


; > O 
> 
> 
(2) 
CATHODE GND 


OPI8013 BUFFER WITH 
OPEN-COLLECTOR OUTPUT 


(6) 
Vec 
(1) 
ANODE 
(4) 
OUTPUT 
> 
> 
(2) (5) 
CATHODE GND 


OPI8015 INVERTER WITH 
OPEN-COLLECTOR OUTPUT 


a 
ANODE 


) > 
O 
(4) 
OUTPUT 
> 
> 
(2) (5) 
CATHODE GND 


OPI8012 BUFFER WITH 
TOTEM-POLE OUTPUT 


a 
ANODE 


) i> 
(4) 
OUTPUT 
> 
; ie 
(2) 
CATHODE al GND 


OPI8014 INVERTER WITH 
TOTEM-POLE OUTPUT 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


mupply voltages Waters sts. ee arte ss oo Kies dis oe eh ed eee MEMS oo occa wv ae 10 V 
Peak input-to-output isolation voltage (see Note 1) ........ 2.2.20 c eee eee eee eee 3540 V 
Cutput voltages (orto a GPiSOtG) 5.6055 5. 5s eteae Ae eet icet enels tte ee oR et Ais eens + 6 ate 35 V 
Input diode reverse voltage... ..... . OTM BA, DLE PR ME Tg cece ew ee 3V 
Input: diode GOntinGOUs forward Citra... 6552s <a Sue autor nin HEA es Bd Ee is ek Gere <b 25 mA 
Continuous total power dissipation at (or below) 25°C free-air temperature: 

Inpat diade (see Note. 2). 2... 6. ess ca se See ca eae So do A ee Sa 100 mW 

Ouest WC (see ROO SIs; ces aic doe 8S came oSlase a ee oa oe) oe Oe 200 mW 

Total (input diode plus output IC, see Note 4) .............2... 000 eee e eee eee 250 mW 
Duration of output short to Vcc or GND (OPI8012, OPI8014) ............ 2.20.0 e eee eee 1s 
Duration: of otitput ehort to: VEC TORISOTS"OPRIG0T SG) 05a 5 cs nF cas te 
Storage) temperature kande: . 2... o ive-wuirsxans eee Aula see hI Tei Meal a oes ek -—55°C to 150°C 
Operating, free-air temperature range .o..o6.<...cnsu.sneeeyensnisneney-enhanane-iananenaneseqneaumenrenaurens —55°C to 100°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 1 second ..................0. 260°C 


NOTES: 1. This rating applies between the input leads (pins 1 and 2) shorted together and the output, Vcc, and GND leads (pins 4, 


5, and 6) shorted together. 
2. Derate linearly to 100°C free-air temperature at the rate of 1.33 mW/°C 
3. Derate linearly to 100°C free-air temperature at the rate of 2.67 mW/°C 
4. Derate linearly to 100°C free-air temperature at the rate of 3.33 mW/°C 
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OPI8012, OPI8014 
OPTOCOUPLERS/OPTOISOLATORS 


recommended operating conditions 


OPI8012 
OPI8014 
MIN NOM MAX 


Supply voltage, Vcc 
High-level output current, IQH 
| Low-level output current, Io 
| Operating free-air temperature, Ta 


electrical characteristics, Ta = —40°C to 70°C (unless otherwise noted) 


OPI8012 OPi8014 
MIN TYPT MAX | MIN TYPtT MAX 


PARAMETER TEST CONDITIONS 


Input diode forward voltage 
Input diode reverse current 


Input diode positive-going 
threshold current 
lpT+/lp7-— Hysteresis ratio 


IFT + 


High-level output voltage 


MCG = 

ol = 

Vec = 5.25 V, 
Vo =0 


Low-level output voltage 


Short-circuit output current 


Supply current Vcc = 


tTypical values are at Ta = 25°C. 


switching characteristics, TA = 25°C 


opigo12 oPigo14 
PARAMETER TEST CONDITIONS a a 
25.70 5 


tf Fall time 
t 


Propagation delay time, Vec = 5 V, I- = 10 mA, See Figure 1 
PLH low-to-high-level output | Output load: 8 TTL equivalent circuits 
PHL 


4 Propagation delay time, 
high-to-low-level output 


1e¥) 
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OPI8013, OPI8015 
OPTOCOUPLERS/OPTOISOLATORS 


recommended operating conditions 


OPI8013 
OPI8015 


Supply voltage, Vcc 4.75 5 5.25 


High-level output voltage, VoH 30 
Low-level output current, Io. 12.8 


Operating free-air temperature, Ta 


electrical characteristics, TA = —40°C to 70°C (unless otherwise noted) 


oPi8013 OPI8015 
PARAMETER TEST CONDITIONS UNIT 
Oe Se MIN TYP? MAX] MIN TYPt MAX 


Input diode forward voltage | Ip = 10 mA, — Ta = 25°C 28 penes dagt sents | Vv ay 


Input diode reverse current 


Input diode positive-going 
threshold current 


IFT + 


Typical values are at Ta = 25°C. 


switching characteristics, TA = 25°C 


OPI8013 OPI8015 
eT = = es 
RAMETER TEST CONDITIO TYP MAX | MIN TYP MAX 


Fall time 


Propagation delay time, =5V, IF = 10 mA, 
low-to-high-level output = 3602, See Figure 1 
Propagation delay time, 
high-to-low-level output 
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OPI8012, OPI8013, OPI8014, OPI8015 
OPTOCOUPLERS/OPTOISOLATORS 


PARAMETER MEASUREMENT INFORMATION 


Vec +5V 


360 2 3102 


PULSE 


GENERATOR —-———|— OUTPUT Med 1S 
—> 


TEST POINT OPi8015 


(see Note A) 
‘| 
Ip MONITOR tad 
eh aes, (see Note C) 
100 2 CL = 15 pF 
(see Note B) | 
TEST CIRCUIT 


| 
| 
| 
| 
| 
| 
= 
° 
3 
> 
OO 


INPUT CURRENT IF 


| | 0 7) 

| l ro} 

- 

lamas = letra te s 

OUTPUT VOLTAGE | | | bam pepe a 
opiso12 | | 14V = 
oPis013 | l Me " “ 

! ek feo = 

t, t D> 
| . | rida Be 2 

| leo let, z 

| VoH ° 

OUTPUT VOLTAGE | | ° 
OPRORE [ok PN ee ae — ae = 
opi8015 | | y = 

| | ‘ie aan a: o) 

jr le tpiy Pl 
WAVEFORMS 


NOTES: A. The input pulse is supplied by a pulse generator with the following characteristics: PRF = 10 kHz, duty cycle = 50%, 
tr < 20 ns, tf < 20 ns, Zoyt = 50 2. 
B. C, includes probe and jig capacitance. 
C. All diodes are 1N3064 or 1N916. 


FIGURE 1. SWITCHING TIMES 
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OPI8012, OPI8013, OPI8014, OPI8015 
OPTOCOUPLERS/OPTOISOLATORS 


POSITIVE-GOING THRESHOLD CURRENT 
vs 
FREE-AIR TEMPERATURE 


vod 


Vd 


N 


= 


IFT + —Positive-Going Threshold Current—mA 


-60-40 -20 0 20 40 60 80 100 
Ta—Free-Air Temperature— °C 


FIGURE 2 


OPI8012, OPI8014 
OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 


(S40}e]OS]) SAsjdn090}dO He) 
wo 


Vo—Output Voltage—V 
N 


= 


0) 
-60 -40 -20 0 20 40 60 80 100 
Ta—Free-Air Temperature — °C 


FIGURE 4 


HYSTERESIS RATIO 
vs 
FREE-AIR TEMPERATURE 


2 

3 
ec 
2 

3 

s 

2 
po 

| 

I 

— 
+ 

+ 
£ 
1.0 
-60-40 -20 0 20 40 60 80 100 
Ta—Free-Air Temperature — °C 
FIGURE 3 
OPI8013, OPI8015 
LOW-LEVEL OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 

> 

& 

a 

£ 

x) 

> 

| 

a 

5 

: 

o 

> 


te) 
-60-40 -20 0 20 40 60 80 100 
Ta—Free-Air Temperature— °C 


FIGURE 5 
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loH— High-Level Output Current—pA 


0.01 


Normalized Supply Current—Ic¢ 


6.04 SS ae Se ae ee 
RS 29 RA Sar 
ere 


OPI8012, OPI8013, OPI8014, OPI8015 
OPTOCOUPLERS/OPTOISOLATORS 


TYPICAL CHARACTERISTICS 


OPI8013, OPI8015 
HIGH-LEVEL OUTPUT CURRENT 
vs 
FREE-AIR TEMPERATURE 


60 -40 -20 0 20 40 60 80 100 


Ta—Free-Air Temperature — °C 
FIGURE 6 


OPI8012, OPI8013 
NORMALIZED SUPPLY CURRENT 
vs 
FREE-AIR TEMPERATURE 


= 
a 


- 
> 


= 
Nn 


= 
° 


S 
) 


4 
a 


S 
b 


Vcc = 5.25 V 


0.2;-lo = 0 
Normalized to Ta = 25°C 
0 1 a a 2 


-60-40 -20 0 20 40 60 
Ta—Free-Air Temperature — °C 


80 100 


FIGURE 8 
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OPI8012, OPI8014 
SHORT-CIRCUIT OUTPUT CURRENT 
vs 
FREE-AIR TEMPERATURE 


Vec = 5.25 V 
Vo = 0 


los—Short-Circuit Output Current—mA 
I 
8 


-20 
-60 -40 -20 0 20 40 60 80 


Ta—Free-Air Temperature— °C 


FIGURE 7 


OPI8014, OPI8015 
NORMALIZED SUPPLY CURRENT 
vs 
FREE-AIR TEMPERATURE 


= 
° 


2 
Cc 


S 
C) 


Normalized Supply Current—Ic¢ 
° 
b 


Vcc = 5.25 V 
lo = 0 

Normalized to Ta = 25°C 
0 1 1 a 
-60-40 -20 0 20 40 60 80 
Ta—Free-Air Temperature — °C 


100 


FIGURE 9 
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OP1I8012, OPI8013, OPI8014, OPI8015 
OPTOCOUPLERS/OPTOISOLATORS 


OPI8012, OPI8014 
RISE TIME AND FALL TIME 
vs 
FREE-AIR TEMPERATURE 


Ip = 10 mA 
RL = 3600 
See Figure 1 


tr, tg—Rise and Fall Times—ns 


-60 -40 -20 0 20 40 60 80 100 
Ta —Free-Air Temperature— °C 


FIGURE 10 


OPI8012, OPI8013 
PROPAGATION DELAY TIME 
vs 
FREE-AIR TEMPERATURE 


Ip = 10 mA 
See Figure 1 


tPLH. tPHL—Propagation Delay Time—ys 


0 
-60 -40 -20 0 20 40 60 80 100 


Ta—Free-Air Temperature— °C 


FIGURE 12 
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OPI8013, OPI8015 
RISE TIME AND FALL TIME 
vs 
FREE-AIR TEMPERATURE 


Vec = 5V 
IF = 10 mA 
Output Load: 
8 TTL equivalent circuit 
See Figure 1 


ty, ts—Rise and Fall Times—ns 


-60 -40 -20 0 20 40 60 80 100 
Ta—Free-Air Temperature — °C 


FIGURE 11 


OPI8014, OPI8015 
PROPAGATION DELAY TIME 
vs 
FREE-AIR TEMPERATURE 


T 
Vec = 5V 
IF = 10 mA 
See Figure 1 


tPLH. tPpHL—Propagation Delay Time—ys 


te) 
-60 -40-20 0 20 40 60 80 100 
Ta—Free-Air Temperature — °C 


FIGURE 13 
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TIL102, TIL103 
OPTOCOUPLERS 


D910, SEPTEMBER 1970—REVISED NOVEMBER 1974 


GALLIUM ARSENIDE DIODE INFRARED SOURCE OPTICALLY COUPLED 
TO A HIGH-GAIN N-P-N SILICON PHOTOTRANSISTOR 

Photon Coupling for Isolator Applications 

Base Lead Provided for Conventional Transistor Biasing 

High Overall Current Gain . .. 1.5 Typ (TIL103) 

High-Voltage Transistor . .. V(BR)CEO = 35 V Min 

High-Voltage Electrical Isolation .. . 1-«V Rating 


Stable over Wide Temperature Range 


mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


3 


6 LEADS 
0,483 (0.019) 
0,406 (0.016) 
1,02 (0.040) 
<2) 


ee 
— 
9.40 (0.370) 
: — 2.370) DIA = 
7,74 (0.305) 8.51 (0.335) ‘ 1,14 (0.045) 
—> | a 
4 4 0.73 10.029) 


t__ eae 


0,864 (0.034) 
717 (0.028) 


12,7 10800 x Ng 
eee 


NOTE a: Leads having maximum diameter shall be with 0,18 mm (0.007 inches) of true 
position relative to a maximum-width tab when measured in the gaging plane 
between 1,371 mm (0.054 inches) and 1,397 mm (0.055 inches) below the seating 
plane, 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES. 


Optocouplers (Isolators) 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


input-te-Output Walia ek eae se Ga \ o> + 2 -cey ol on ORE RIES. fo cers +1kV 
iCallentor- Emmitt Vat ik ces. va, Ce ale eee = nebelecee Sueeeeeeos sats. ee 
Collector-Base Voltage Boe Oe 1b Gos, Soy vee) uh at Sgn ge WE RAS oo OES, Bis GREE lg ~~ Sane 
Emitter-Base Voltage . . eh Agee eee MM Seth Co Pe ara here o oe ere hy), er 4V 
Input Diode Reverse Voltage se ee Sy 2V 
Input Diode Continuous Forward caieeds at ‘hie inslein? 65° c Free. Air Saitdaaen (See Note 1). - +... 40mA 
Continuous Collector Current . . . . =a e+ wa SOA 
Continuous Transistor Power Dissipation at sie ‘below! 25° c fee: Air Tackeuerntaes (See Note 2) one . . 300 mW 
Storage Temperature Range Re Acheron Stas ER Ry hu 55° C to 125°C 
Lead Temperature 1,6 mm (1/16 Inch) join ‘Cons ‘tek 10 Seconds ae eaten pire he eS 0) fe ., | ZOU: 


NOTES: 1. Derate linearly to 125°C free-air temperature at the rate of 0.67 mA/°C. 
2. Derate linearly to 125°C free-air temperature at the rate of 3 mW/°C. 


PRODUCTION DATA documents contain information Copyright © 1983, Texas Instruments Incorporated 


current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
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TIL102, TIL103 
OPTOCOUPLERS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


V(BR)CBO Collector-Base Breakdown Voltage !¢ = 100 nA, le = 0, Ip =0 
ViBR)CEO  Collector-Emitter Breakdown Voltage | Ic = 1 mA, Ig =0, 
ViBR)EBO Emitter-Base Breakdown Voltage Ig = 100 vA, Ic =0, 
Input Diode Static Reverse Current 
Phototransistor 


On-State Operation 
Collector Current | Photodiode 
Operation 


'Clon) 


Phototransistor 
Off-State Operation 


1 
Cloffn Collector Current 


Photodiode 
Operation 


h Transistor Static Forward Vee = 6V inomea seo 
FE Current Transfer Ratio CE F c ole 
VE Input Diode Static Forward Voltage Ip =10mA 


1c=2.5mA, Ip =0, 
Ic = 10mA, Ig = 0, 


3 


VCE (sat) Collector-Emitter Saturation Voltage 


Lite) Input-to-Output Internal Resistance Vin-out = +1 kV, See Note 3 


Cio Input-to-Output Capacitance Vin-out = 9. f= 1MHz, See Note3 


NOTE 3: These parameters are measured between both input diode leads shorted together and all the phototransistor leads shorted together. 


switching characteristics at 25°C free-air temperature 


TIL102 


PARAMETER TEST CONDITIONS 


Phototransistor | Vcc = 20 V, Ig = 0, IC(on) = 5 mA, 
te Fall Time Operation R,_ = 100 2, See Test Circuit A of Figure 1 
Rasulo 


Ri = 1002, See Test Circuit B of Figure 1 


tf Fall Time Operation 


(saojejos]}) siajdno90}dQ 
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TIL102, TIL103 


OPTOCOUPLERS 
PARAMETER MEASUREMENT INFORMATION 
Adjust amplitude of input pulse for: 
IC(on) = 5 MA (Test Circuit A) or 
I¢(on) = 50 HA (Test Circuit B) 
INPUT 
200 9 
INPUT — | INPUT 
> ton Letort of 
OUTPUT \ H 
{See Note B) 
RL = 1000 ! output 
(See Note B) 
TEST CIRCUITA TEST CIRCUIT B 
PHOTOTRANSISTOR OPERATION VOLTAGE WAVEFORMS PHOTODIODE OPERATION 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: Zo, = 50 2, ty < 15 ns, duty cycle = 1%, For 


Test Circuit A, tw = 100 us. For Test Circuit B, tw = 1 Ms. 
b. Waveforms are monitored on an oscilioscope with the following characteristics: tp < 12 ns, Rin 2 IMS, Cin < 20 pF. 


FIGURE 1—SWITCHING TIMES 


WwW 


TIL102 
COLLECTOR CURRENT 


vs 


COLLECTOR-EMITTER VOLTAGE 


TYPICAL CHARACTERISTICS 


TIL103 


COLLECTOR CURRENT 
vs 
COLLECTOR-EMITTER VOLTAGE 


50 100 
igp=0 
Ta = 25°C Ta = 25°C 
See Note 4 See Note 4 
40 80 
< < 
= E 
AR i 
§ 30 5 60 
5 3 
cs) 3 
§ 5 
S 20 3 40 
° ° 
; 9 
» = 
10 20 
0 lived =e Il: 0 
0 5 10 15 20 25 0 5 10 15 20 25 


VceE—Collector-Emitter Voltage—V 


FIGURE 2 


VceE—Collector-E mitter Voltage—V 


FIGURE 3 


NOTE 4: This parameter was measured using pulse techniques. ty, = 100 us, duty cycle = 1%. 
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TIL102, TIL103 
OPTOCOUPLERS 


ey) 


(S40}ejOS]) siajdnos0}do 


Icloff)-Off-State Collector Current—nA 


TYPICAL CHARACTERISTICS 


NORMALIZED ON-STATE COLLECTOR CURRENT! 
vs 


FREE-AIR TEMPERATURE 


INPUT DIODE FORWARD CONDUCTION CHARACTERISTICS 


Ip Forward Current—mA 


0 02 04 06 08 10 12 14 16 


Ve—Forward Voltage-V. 


FIGURE 4 


\¢—Phototransistor Collector Current—mA 


OFF-STATE COLLECTOR CURRENT 
vs 
FREE-AIR TEMPERATURE 


T 
Vce=5V 


a 


ig=0 


Ip = 10 mA 


is 


2 
& 


9 
> 


2 
nv 


Normalized On-State Collector Current—ic(on)! 


° 
1a 30 -75 -50 -25 0 2% S80 75 100 125 
Ta- Free-Air Temperature—"C 

TNormatized to value at Ta = 25°C 


PHOTOTRANSISTOR COLLECTOR CURRENT FIGURE 5 
vs 


INPUT-DIODE FORWARD CURRENT 


Igp—Input-Diode Forward Current—mA TIL102 
AVERAGE SWITCHING TIME 
FIGURE 6 gi 


LOAD RESISTANCE 


Ta—Free-Air Temperature—"C 
FIGURE 7 


— Average Switching Time—us 


2 


ton * toff 


R_—Load Resistance-2 


FIGURE 8 


NOTE 5: These parameters were measured in Test Circuits A and B of Figure 1 with R,_ varied between 40 22 and 10 kQ. 
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TIL111, THL114, TIL116, TIL117 
OPTOCOUPLERS 


D1607, NOVEMBER 1973—REVISED FEBRUARY 1983 


COMPATIBLE WITH STANDARD TTL INTEGRATED CIRCUITS 
@ Gallium Arsenide Diode Infrared Source Optically Coupled 
to a Silicon N-P-N Phototransistor 
High Direct-Current Transfer Ratio 
High-Voltage Electrical Isolation .. . 1.5-kV or 2.5-kV Rating 


Plastic Dual-In-Line Package 


High-Speed Switching: ty = 5 us, tf = 5 us Typical 
mechanical data 


The package consists of a gallium arsenide infrared-emitting diode and an n-p-n silicon phototransistor mounted on a 
6-lead frame encapsulated within an electrically nonconductive plastic compound. The case will withstand soldering 
temperature with no deformation and device performance characteristics remain stable when operated in high-humidity 
conditions. Unit weight is approximately 0.52 grams. 


9.40 (0.370) 
8:38 (0.330) | 
©O0| 
NOTES: 
a. Leads are within 0,13 mm (0.005 inch) radius of 
true position (T.P.) with maximum material 
condition and unit installed. 


Wd 


INDEX DOT 
7,62 (0.300) T.P. {See Note 8) 
(See Note A) 


6,61 (0.260) 


6.08 (0.240) 


— SEATING PLANE 


0.305 (0.012) 


®D ® @ Soe nore or 


1.78 (0.070) MAX 
6 PLACES 


5.46 (0.215) 
29210 115) 


1.78 (0.070) _ 
051 10.020) 


| Ie 1,01 (0.040) 
MIN 


0.534 (0.021) 


b. Pin 1 identified by index dot. 
c, Terminal connections: 
1. Anode 
. Cathode 
. No internal connection 


Infrared-emitting 
diode 


. Emitter 
. Collector Phototransistor 


. Base 


0.387 (0.015) 
6 PLACES 


2810150 355 1e Geer =, 
(0-050) 
SITE) seuaces 2 
2.54 (0.100) T.P. — 
(See Note A) 


FALLS WITHIN JEDEC MO-001AM DIMENSIONS 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Optocouplers (Isolators) 


Input-to-Output Voltage: TIL111 Z +1.5 kV 
TIL114, TIL116, TILW7 +2.5kV 
Collector-Base Voltage 70V 
Collector-Emitter Voltage (See Note 1) 30 V 
Emitter-Collector Voltage 7V 
Emitter-Base Voltage 7V 
Input-Diode Reverse Voltage : r 3V 
Input-Diode Continuous Forward Currents at tie watow} 25° c Free: Air Teriperstare (See Note 2) 100 mA 
Continuous Power Dissipation at (or below) 25°C Free-Air Temperature: 
Infrared-Emitting Diode (See Note 3) . 150 mW 
Phototransistor (See Note 4) é 150 mW 
Total, Infrared-Emitting Diode plus lietctimalser (See Nowe 5) 250 mW 
Storage Temperature Range —55°C to 150°C 
Lead Temperature 1,6 mm (1/16 Inch) ome eT 1S 10 acer 260°C 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 

2. Derate linearly to 100°C free-air temperature at the rate of 1.33 mA/C. 
3. Derate linearly to 100°C free-air temperature at the rate of 2 mW/’C. 

4. Derate linearly to 100 C free-air temperature at the rate of 2 mW/'C. 

5 


. Derate linearly to 100°C free-air temperature at the rate of 3.33 mW/°C. 
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as of publication date. Products conform to 
speci ions per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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TIL111, TIL114, TIL116, TIL117 
OPTOCOUPLERS 


electrical characteristics at 25°C free-air temperature 


TIL111 
TIL116 
PARAMETER TEST CONDITIONS TIL114 
MIN TYP MAX|MIN TYP MAX/|MIN TYP MAX 


70 Vv 


Collector-Base 


Vv 
(BR)CBO Breakdown Voltage 


Collector-Emitter 


Vv 
{BRICEO Breakdown Voltage 


Emitter-Base 


V(BR)EBO 


Breakdown Voltage 
Input Diode Static 
Reverse Current 


Phototransistor 
On-State é 

Operation 
Collector 


! 
Clon) Current 


Photodiode 

Operation 

Phototransistor 
Off-State A 
Operation 
Photodiode 


Operation 


ICloff) Collector 


Current 


Vce=5V, I¢=10mA, 
Ip =0 
Vce=5V, Io = 100 uA, 
Ip=0 
Forward Voltage Ip = 60mA 
Ic =2mA, Ip = 16 mA, 
Igp=0 
Collector-Emitter Ic =2.2 mA, lp =15mA, 


Transistor Static 
Forward Current 
Transfer Ratio 


Vv 
CE (sat) Saturation Voltage Ig=0 


Ic =0.5mA, Ip =10mA, 

Ip=0 

Vin-out = £1-5 KV for TIL111, 
+2.5 kV for all others, 

See Note 6 

Input-to-Output Vin-out = 9, f= 1 MHz 


Input-to-Output 
Internal Resistance 


4 1 2 


Capacitance See Note 6 


NOTE 6: These parameters are measured between both input-diode leads shorted together and all the phototransistor leads shorted together. 


Sua TIL116 TIL117 
TIL114 


UNIT 
MIN TYP MAX |MIN TYP MAX|MIN TYP MAX er 
Se ee 
Feilhaber lg 


switching characteristics at 25°C free-air temperature 


PARAMETER 


t Fall Time | Operation 


TEST CONDITIONS 


Vec=10V, 
RL = 1002, 

See Test Circuit A of Figure 1 
Vec=10V, IC(on) = 20 A, 


'C(on) = 2mA, 


- ; RL=1kQ, 
Operation See Test Circuit B of Figure 1 ‘ 1 
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TIL111, THL114, TIL116, TIL117 
OPTOCOUPLERS 


PARAMETER MEASUREMENT INFORMATION 


Adjust amplitude of input pulse for: 
IC(on) = 2 MA (Test Circuit A) or 


Clon) = 20 BA (Test Circuit B) 


INPUT 


472 


INPUT 


OUTPUT 
(See Note b) 
R_ = 1002 


TEST CIRCUITA 


PHOTOTRANSISTOR OPERATION VOLTAGE WAVEFORMS 


a7 2 


INPUT 


OUTPUT 
(See Note b) 


TEST CIRCUIT B 
PHOTODIODE OPERATION 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: Zoy_ = 50 $2, t, < 15 ns, duty cycle + 1%, 


tw = 100 us. 


b. The output waveform is monitored on an oscilloscope with the following characteristics: t- < 12 ns, Rip 2 1 M82, Ci, < 20 pF. 


FIGURE 1—SWITCHING TIMES 


TYPICAL CHARACTERISTICS 


TIL111, TIL114 
COLLECTOR CURRENT 
vs 
INPUT-DIODE FORWARD CURRENT 


I¢—Collector Current—mA 
\c¢—Collector Current—mA 


TIL116, TIL117 


COLLECTOR CURRENT 
vs 
INPUT-DIODE FORWARD CURRENT 


Optocouplers (Isolators) 


0.4 1 4 10 40 100 0.1 0.4 1 4 10 40 100 
| p—Forward Current—mA !p—Forward Current—mA 
FIGURE 2 FIGURE 3 
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TIL111, TIL114, TIL116, TIL117 
OPTOCOUPLERS 


Ic¢—Collector Current—-mA 


(S4o}ejOS]) Ssajdnos0}dQ He) 


\¢—Collector Current—mA 


NOTES: 


TYPICAL CHARACTERISTICS 


TIL111, TIL114 


COLLECTOR CURRENT 
vs 
COLLECTOR-EMITTER VOLTAGE 


10 
a Ip=0 
Ta=25°C 
50 See Note 7 
40 
30 
20 


G9 2 4 6 8 8 2 4 6 


VceE—Collector-Emitter Voltage—V 
FIGURE 4 


18 20 


TIL117 


COLLECTOR CURRENT 
vs 


COLLECTOR-EMITTER VOLTAGE 


F=10 mAl__] 


te) 12 14 16 17 20 


” Seca Voltage—V 
FIGURE 6 


|¢—Collector Current—mA 


=25°C 


Collector Current Relative to Value at Ta 


TIL116 


COLLECTOR CURRENT 
vs 
COLLECTOR-EMITTER VOLTAGE 


Ip=0 
Ta =25°C 


See Note 7 


o 2 4 6 &£ Wm Ww 6 ew 


VcE—Collector-Emitter Voltage—V 
FIGURE 5 


RELATIVE ON-STATE COLLECTOR CURRENT 
vs 
FREE-AIR TEMPERATURE 


VcE = 0.4 V to 10 V 


-75 -50 -25 0-- 25 50-75 100 125 


Ta—Free-Air Temperature—°C 
FIGURE 7 


7. Pulse operation of input diode is required for operation beyond limits shown by dotted lines. 


8. These parameters were measured using pulse techniques. ty = 1 ms, duty cycle < 2%. 
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TIL111, TIL114, TIL116, TIL117 
OPTOCOUPLERS 


IC(off)—Off-State Collector Current—nA 


0.1 
0 10 20 30 40 50 60 70 80 90 100 


160 


140 


120 


100 


|p—Forward Current—mA 
o 
° 


20 


0 


TYPICAL CHARACTERISTICS 


OFF-STATE COLLECTOR CURRENT 
vs 


FREE-AIR TEMPERATURE 


Ta—Free-Air Temperature—C 


FIGURE 8 


INPUT DIODE FORWARD 
CONDUCTION CHARACTERISTICS 


See Note 7 
{ 


7 


0 0.2 04 06 08 1.0 1.2 14 16 1.8 2.0 
Vp—Forward Voltage—V 


FIGURE 10 


Normalized Static Forward Current Transfer Ratio—hFe 


\¢—Collector Current—mA 


NORMALIZED TRANSISTOR STATIC FORWARD 


CURRENT TRANSFER RATIO 
vs 


ON-STATE COLLECTOR CURRENT 


Normalized to 1.0 
atlc=1mA 


10 20 40 100 


1C(on)—On-State Collector Current—mA 
FIGURE 9 


COLLECTOR CURRENT 
vs 
MODULATION FREQUENCY 


1 4 10 40 100 400 1000 
fmod—Modulation Frequency—kHz 


FIGURE 11 


NOTE 7: These parameters were measured using pulse techniques. ty = 1 ms, duty cycle < 2% 
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TIL113, TIL119A 
OPTOCOUPLERS 


01499, AUGUST 1981—REVISED JUNE 1989 


Gallium Arsenide Diode Infrared Source Optically Coupled 
to a Silicon N-P-N Darlington-Connected Phototransistor 


e High Direct-Current Transfer Ratio . . . 300% Minimum at 10 mA 
e High-Voltage Electrical Isolation . . . 1500-Volt Rating 

e Plastic Dual-In-Line Package 

e Base Lead Provided on TIL113 for Conventional Transistor Biasing 
e No Base Lead Connection on TIL119A for High-EMI Environments 


e Typical Applications Include Remote Terminal Isolation, SCR and 
Triac Triggers, Mechanical Relays, and Pulse Transformers 


mechanical data 


The package consists of a gallium arsenide infrared-emitting diode and an n-p-n silicon darlington-connected photo- 
transistor mounted on a 6-lead frame encapsulated within an electrically nonconductive plastic compound. The case 

‘ will withstand soldering temperature with no deformation and device performance characteristics remain stable when 
operated in high-humidity conditions. Unit weight is approximately 0.52 grams. 


ie 0330 NOTES: 
©O® a. Leads are within 0,13 mm (0.005 inch) radius of 
true position (T.P.) with maximum material 


Ww 


condition and unit installed. 


q . PPA . 
7,62 (0.300) +. ogee . Pin 1 identified by index dot. 


(See Note a) Terminal connections: 
ez Coo . Anode 4 Infrared-emitting 
5.46 (0.215) . Cathode i 
sessn diode 


1-78 (0.070) Max . No internal connection 
6 PLACES 


. Emitter 
— SEATING PLANE 

0,305 (0.012) 1,78 (0.070) ? ae (0.040) - Collector Photo- 

_, 9.203 (0,008) 5,57 10.020) MIN . TIL113 base 


. 4 transistor 
mim ee + TIL119A no internal connection 
3.17 (0.128) 4 PLACES 0.536 (0.021) 


0.387 10.015) 


2.54 (0.100) T.P — chaces 


(See Note 3) 
FALLS WITHIN JEDEC MO-001AM DIMENSIONS 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Optocouplers (Isolators) 


Input:to-Outpit Vaiage pe nijtesctedmevnnines mevennmateeienay amine haenmniblanippeaeatiniackin smalls abigtiaatmattirairnvmnevet Ln 
Collector-Base Voltage (THES) te TPE PMI SS Pe PSA. lt tw ws 6 BON 
Collectos-EmintenVolagiiee Note) 2. 5k ke Gt ss eee ee es ee et tw i BOM 
Emitter-Cotlector Voltageimes? ee se cs emt, cs 7V 
EmitterBaseViettagen Priam. a5 onic) ss ates a ek WLS We ee od Oe Gk y 7V 
Input-Diode Reverse Voltage ... . : :, renee 3V 
Input-Diode Continuous Forward Giatent: at fe mahal 25° c fie Air prea Chih (See Note 2) cote te ODT 
Continuous Power Dissipation at (or below) 25°C Free-Air Temperature: 
infrared-Emitting: njede (Sea Note 3). 5 «© «4. 269 es oe we EB. se ay ke wg,» 150: 
Phototransistor (See Note4) .... . bed aew sou apeae . . « SON 
Total (Infrared-Emitting Diode plus AG cctinosalsion See Note 5) 2 ee Se Ge eae ss «SOOO 
Storage Temperature Range. . oh erect” «= 55"C'to. 150°C 
Lead Temperature 1,6 mm (1/16 Inch) inons Cun i 10 Siconcie Pe ae 260°C 
NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Derate linearly to 100°C free-air temperature at the rate of 1.33 mA/°C. 
3. Derate linearly to 100°C free-air temperature at the rate of 2 mW/°C. 
4. Derate linearly to 100°C free-air temperature at the rate of 2 mW/°C. 
5. Derate linearly t0 100°C free-air temperature at the rate of 3.33 mW/"C. 


Copyright © 1989, Texas Instruments Incorporated 


PRODUCTION DATA documents contain information 

current as of publication date. Products conform to ds 
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TIL113, 


TIL119A 


OPTOCOUPLERS 


electrical 


characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONSt aie ae ms MAS 
Wene0 Geaaeeanae [SA eee | ® 
Collector-Emitter 
V(BR)CEO Breakdown Voltage Cee ih, ‘a=, ree 
RenicEo Emitter-Base ip =10uA, ee: p= 
Breakdown Voltage 
Deities Emitter-Collector sani isA ea 
Breakdown Voltage 
ae On-State Vce = 1V, 1p =, Ip=10mA | 30 
Collector Current VceE=1V, Ip =10mA 
'Cloff) id Vce = 10V, 'p=0, lp=0 
Collector Current 
hee Forward Current VcE=1V, le =10mA, If =0 
Transfer Ratio 
Input Diode Static 
VE pF =10 mA 
Forward Voltage 
Peete Collector-Emitter Ie = 125 mA, lp. =0,. Ip = 50 mA 
Saturation Voltage Ic = 30 mA, Ip = 10mA 
ipPAese Games Vin-out = *1.5kV, See Note 6 1011 
Internal Resistance 
s igheat dg Vin- = = 1MHz See Note 6 
Capacitance SESE 5 z 


NOTE 6: These parameters are measured between both input-diode leads shorted together and all the phototransistor leads shorted together. 


TReference 


to the base are not applicable to TIL119A. 


switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS ee ue UNIT 
| MIN TYP MAX [MIN TYP MAX 


Rise Time Vec = 16 V, IC(on) = 125 mA, 


Fall Time RL = 1002, See Figure 1 
Rise Time Vec=10V, IC(on) = 2.5 mA, 
Fall Time Ry = 100 2, See Figure 1 


____ PARAMETER MEASUREMENT INFORMATION 
Zz = 472 Adjust amplitude of input pulse for: 


Cee tieur Ic(on) = 125 mA (TIL113) 
aly) | Ic(on) = 2.5 mA (TIL119A) 


INPUT J | 
0 


Yec = OUTPUT 
RL = 100 2 OUTPUT 
TEST CIRCUIT > VOLTAGE WAVEFORMS 
NOTES: a. The input waveform is supplied by a generator with the following characteristics: Zout = 50 2, t, < 15 ns, duty cycle = 1%, 
tw = 500 us. 
b. The output waveform is monitored on an oscilloscope with the tollowing characteristics: t; < 12 ns, Rin 2 1 MQ, Cin < 20 pF. 
FIGURE 1—SWITCHING TIMES 
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I¢—Collector Current—mA 


\¢—Collector Current—mA 


TIL113, TIL119A 
OPTOCOUPLERS 


TYPICAL CHARACTERISTICS 


COLLECTOR CURRENT 
vs 
COLLECTOR-EMITTER VOLTAGE 


120 T a 
Ip=0 y acl 
Tar 25°C | g Zt 0% 

100 | See Note 7 + RY, 

80 

60 

40 

20 


VceE—Collector-Emitter Voltage—V 


FIGURE 2 


COLLECTOR CURRENT 
vs 
INPUT-DIODE FORWARD CURRENT 


rT 


4 7 10 20 40 


|—p—Forward Current—mA 


FIGURE 4 


IC(off)-Off-State Collector Current—pA 


I¢—Collector Current—mA 


0.1 
0.01 
0.001 
0 25 50 75 100 125 
Ta—Free-Air Temperature—°C 
FIGURE 5 


COLLECTOR CURRENT 
vs 
COLLECTOR-EMITTER VOLTAGE 


4 


See Note 7 
0 02040608 1 12141618 2 
VceE-—Collector-Emitter Voltage—V 


FIGURE 3 


OFF-STATE COLLECTOR CURRENT 
vs 
FREE-AIR TEMPERATURE 


1000 
[yad Joy 1. nt 
Ip=0 
| Ip =0 ; 


100 


NOTE 7: Pulse operation of input diode is required for operation beyond limits shown by dotted line. 
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TIL113, TIL119A 


OPTOCOUPLERS 
TYPICAL CHARACTERISTICS 
TIL113 
RELATIVE COLLECTOR-EMITTER TRANSISTOR STATIC FORWARD 
SATURATION VOLTAGE CURRENT TRANSFER RATIO 
vs vs 
FREE-AIR TEMPERATURE COLLECTOR CURRENT 
® 1.6 ——+ po 25,000 mr Tm 
£ Ic = 125 mA ] - Vce=1V 
$ 1.4 Ip=0 acre te Bel e Tip =0 | 
so Ip =50 mA © 20,000 | TaA=25°C Lt 
ee 12 | Ad s 
, = 15,000 
gs S 
~ oo - 
~-2 08 }+—}+—_-— 5 {La 
GS ioe 
5 806 = 10,000 
ge i = 
3 w 
° 3 04 ° 
Lc % 5,000 HH 
uo 0.2 + w 
my | T 
ro) Ww 
> Ww 
0 = 0) 
475250 2509 0957-50" 75 100 125 OT 02 4 4 10 40 100 400 1000 
Ta—Free-Air Temperature—°C I¢—Collector Current—mA 
FIGURE 6 FIGURE 7 


INPUT DIODE FORWARD 
CONDUCTION CHARACTERISTICS 


| p—Forward Current—mA 


0 0.2 04 06 08 1.0 1.2 14 16 1.8 2.0 
Vp—Forward Voltage—V 
FIGURE 8 


NOTE 8: This parameter was measured using pulse techniques. ty = 1 ms, duty cycle < 2%. 
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TIL118-1, TIL118-2, TIL118-3 
OPTOCOUPLERS 


D1607, NOVEMBER 1973—REVISED JULY 1989 


@ Gallium Arsenide Diode Infrared Source Optically Coupled to a 
Silicon N-P-N Phototransistor 


High Direct-Current Transfer Ratio 

High-Voltage Electrical Isolation . . . 3.53 kV 

Plastic‘ Dual-In-Line Package 

High-Speed Switching: t; = 2 us, tf = 2 us Typical 


Choice of Three Current Transfer Ratios 


No Base Lead Connection for High EMI Environment 


mechanical data 


The package consists of a gallium arsenide infrared-emitting diode and an n-p-n silicon phototransistor 
mounted on a 6-lead frame encapsulated within an electrically nonconductive plastic compound. The case 
will withstand soldering temperature with no deformation and device performance characteristics remain 
stable when operated in high-humidity conditions. Unit weight is approximately 0.52 grams. 


1g) 


|@oo| 


q INDEX DOT 


7,62 (0.300) T.P (See Note B) 
(See Note A) 


ott | ® ®© @ ‘see nore cr 


5.46 (0.215) 


10.175) 1.78 (0.070) MAX 
PLACES 


— SEATING PLANE 
Dacre 


7 pr 0.150 » HES 10.080) ail 
3.17 10.125) 
4 PLACES 0.534 (0.021) 
besa gee 


2,54 (0.100) TP — 6 PLACES 
(See Note A) 


1.78 (0.070) 1.01 (0.040) 
651 10.020)" MIN 


NOTES: A. Leads are within 0,13 mm (0.005 inch) radius 
of true position (T.P.) with maximum material 
condition and unit installed. 


Optocouplers (Isolators) 


. Pin 1 identified by index dot. 
Terminal connections: 
. Anode Infrared-emitting 
. Cathode diode 
. No internal connection 
. Emitter 
. Collector }phototransistr 
. Base 


FALLS WITHIN JEDEC MO-001AM DIMENSIONS 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


PRODUCTION DATA documents contain information Copyright © 1989, Texas Instruments Incorporated 
current as of publication date. Products conform to 4 
specifications per the terms of Texas Instruments TEXAS 3.147 
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TIL118-1, TIL118-2, TIL118-3 
OPTOCOUPLERS 


oe Se ee Se 5 ST nd ee SE SE a St SSE ee 
absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


fnpuit=-tocOUIPUt VONSGE i <iec scenes aoe lemee ee ee ee +3.535 kV peak or dc (+2.5 kV rms) 
Collector-emitter voltage (see Note 1): .:... ...temtt asteieet: meres Sane). WE. oes 30 V 
Bimitter-collector Walltane: 3). & 5.65 sysn io 2.3/5 Augeeiate de ep eieaes hugeete eh ia wnmema eS fens Sos sare 7V 
Input diode reverse Voltage: 3 o..9..)% 1 sees Stearn ae ere tere ere ee ete Smee tem ROE og ec Puarid a) 8 Re av 
Input diode continuous forward current at (or below) 

25°C free-air temporatite(eeo Note 2)... 626 5 cc ne ae ead as egestas iN Aes 100 mA 
Continuous power dissipation at (or below) 25°C free-air temperature: 

Infrared-emitting diode (see Noté 3) osvah aciawast treme wow! So mali. @....6.. 150 mW 

Phototratisistar (sea NOT): 6 ris ioe sinter aes treet es eee rots Sais) aN al e, 5 2 Wh 150 mW 

Total, infrared-emitting diode plus phototransistor, (see Note 4) .................-. 250 mW 
Storage temperdtiverranee@: 2. ssc. os aoe eit where we aos Fis oe Ree —55°C to. 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds.............-.0.-0055 260°C 


NOTES: 1. This value applies when the base-emitter diode is open circuited. 
2. Derate linearly to 100°C free-air temperature at the rate of 1.33 mW/°C. 
3. Derate linearly to 100°C free-air temperature at the rate of 2 mW/°C. 
4. Derate linearly to 100°C free-air temperature at the rate of 3.33 mW/°C. 


electrical characteristics at 25°C free-air temperature 


Vv Collector-emitter Ga ia, 
(BR)CEO breakdown voltage 
Vv Emitter-collector = aan 
(BR)ECO breakdown voltage e 
On-state Photo- TIL118-1 


TIL118-2 
current operation TIL118-3 


Off-state P 
\ ae Phototransistor 

collector = 
Cloff) operation 

current 


IC(on) collector transistor 


Input diode static 
forward voltage 


Collector-emitter 


H 
fo} 


VCE(sat) mA, Ip = 10 mA, Ip = 


saturation voltage 


Input-to-output 
i 2 = +500 V, See Note 5 
internal resistance 


Input-to-output 
capacitance 


= 0, f = 1 MHz, See Note 5 


NOTE 5: These parameters are measured between both input-diode leads shorted together and all the phototransistor leads shorted together. 


switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS TYP MAX | UNIT 


Phototransistor Vee = 10V. lion) = 2 mA, a’ 
2 Fall time operation R_ = 100 Q, See Figure 1 


3-148 TEXAS %% 


INSTRUMENTS 


POST OFFICE BOX 655303 - DALLAS, TEXAS 75265 


TIL118-1, TIL118-2, TIL118-3 
OPTOCOUPLERS 


PARAMETER MEASUREMENT INFORMATION 


Adjust amplitude of input pulse for: INPUT 
Ic(on) = 2 mA 


47.2 


INPUT 
OUTPUT 
(See Note B) 
> Vcc = 10 V R_ = 100 2 
TEST CIRCUIT VOLTAGE WAVEFORMS 
NOTES: A. The input waveform is supplied by a generator with the following characteristics: Zoyz = 50 9, tr < 15 ns, 


duty cycle = 1%, tw = 100 ps. 
B. The output waveform is monitored on an oscilloscope with the following characteristics: ty < 12ns, Rijn = 1 MQ, Cjn < 20 pF. 


FIGURE 1. SWITCHING TIMES 


TYPICAL CHARACTERISTICS 


COLLECTOR CURRENT COLLECTOR CURRENT 
vs vs 
COLLECTOR-EMITTER VOLTAGE INPUT-DIODE FORWARD CURRENT 


Ic¢—Collector Current—mA 
I¢—Collector Current—mA 


VcE—Collector-Emitter Voltage—V {¢—Forward Current—mA 
FIGURE 2 FIGURE 3 


NOTE 6: Pulse operation of input diode is required for operation beyond limits shown by dotted lines. 


we 
TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 - DALLAS, TEXAS 75265 


WwW 


Optocouplers (Isolators) 


3-149 


(S10}e]0S]) Ssjdno3s0}dQ Fa) 


3-150 


TIL118-1, TIL118-2, TIL118-3 
OPTOCOUPLERS 


TYPICAL CHARACTERISTICS 


RELATIVE ON-STATE COLLECTOR CURRENT 
vs 
FREE-AIR TEMPERATURE 


1.6 as \ Fimo IS | 
| Vor - 0-4 vt010V 

1.4} Ip = 0 

IF = 10 mA 
1.2 |- See Note 7 


10} 


0.4) __— + 


» ial oe 


-75 -50-25 O 25 50 75 100 125 


Collector Current Relative to Value at Ta = 25°C 
oo 
a 


Ta—Free-Air Temperature — °C 


FIGURE 4 


INPUT DIODE FORWARD 
CONDUCTION CHARACTERISTICS 


160 


See Note 7 


140 


120 


100 


40 }+—+ 


Ip—Forward Current—mA 
o 
° 


Ta = -55°C 
O 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 


Vp—Forward Voltage—V 
FIGURE 6 


Ic(off)— Off-State Collector Current—nA 


I¢—Collector Current—mA 


OFF-STATE COLLECTOR CURRENT 
vs 
FREE-AIR TEMPERATURE 


0 10 20 30 40 50 60 70 80 90 100 
Ta—Free-Air Temperature — °C 
FIGURE 5 


COLLECTOR CURRENT 
vs 
MODULATION FREQUENCY 


Vcc = 10 Vv — 
ip = O 


0.04 


0.02 


0.01 


1 4 10 40 


fmod— Modulation Frequency —kHz 


FIGURE 7 


100 400 1000 


NOTE 7: These parameters were measured using techniques. ty = 1 ms, duty cycle < 2%. 
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TIL120, TIL121 
OPTOCOUPLERS 


D1956, NOVEMBER 1974 


GALLIUM ARSENIDE DIODE INFRARED SOURCE OPTICALLY COUPLED 


TO A HIGH-GAIN N-P-N SILICON PHOTOTRANSISTOR 
e Photon Coupling for Isolator Applications 
e High Overall Current Gain .. . 1.0 Typ (TIL121) 
e High-Gain, High-Voltage Transistor . . 
e High-Voltage Electrical Isolation . .. 1-kV Rating 


e Stable Over Wide Temperature Range 


mechanical data 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


0,483 (0.019) 
4 LEADS 7706 (0.016) 1A 2,54 (0.100) DIA 


5,34 (0.210) 
4,32 (0.170) 
3-COLLECTOR 


4—ANODE 


4,96 (0.195) 
4,52 (0.178) 1,22 (0.048) 
DIA 0,717 (0.028) 


a ae 1,17 (0.046) 


584 (0.230) %76 (0.030) | 
4,31 (0.209) MAX 


DIA 


al 0.97 (0.036) 


2-CATHODE 
1—EMITTER 


12,7 (0.500) 
MIN 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES. 
ALL JEDEC TO-72 DIMENSIONS AND NOTES ARE APPLICABLE 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


- V(BR)CEO = 35 V Min 


Input-to-Output Voltage +1 kV 
Collector-Emitter Voltage 35'V 
Emitter-Collector Voltage 7V 
Input Diode Reverse Voltage rae s av 
Input Diode Continuous Forward Caarvarit at (or cabal 65° c Free: Air Fatpienlaie (See Note 1) 40mA 
Continuous Collector Current or 50mA 
Continuous Transistor Power Dissipation at a — 25° c Eree- Air Taninarwesre (See Note 2) - . 190 mW 
Operating Free-Air Temperature Range- cree. OMe) Ae = 5B" C to 125°C 
Storage Temperature Range —55°C to 150°C 
Lead Temperature 1,6 mm (1/16 Inch) pene ase ae 10 saidals, 240°C 


NOTES: 1. Derate linearly to 125°C free-air temperature at the rate of 0.67 mA/°C. 
2. Derate linearly to 125°C free-air temperature at the rate of 1.9 mW/*C. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to ¥ 


specifications per the terms of Texas Instruments TEXAS 
INSTRUMENTS 


standard Ser sh! Production processing does not 
necessarily include testing of all parameters. 
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TIL120, TIL121 
OPTOCOUPLERS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


V(BR)CEO Collector-Emitter Breakdown Voltage Ic=1mA, i¢=0 


V(BR)ECO Emitter-Collector Breakdown Voltage te = 100 nA, Ip =0 

| Input Diode Static Reverse Current VR =3V 

R 

clon) On-State Collector Current Vce=5V tp =10mA 


VF Input Diode Static Forward Voltage Ip = 10mA 


, : Ic =2.5mA Ip =20mA 
VCE(sat) Collector-Emitter Saturation Voltage 
lc = 10 mA Ip = 20 mA 


Tio Input-to-Output Internal Resistance 


Vce =20V ip =0 


IC(off) Off-State Collector Current Voce =20V, Ip =0, 
Ta = 100°C 


Vin-out = 9, 


Input-to-Output Capacitance 
3 i See Note 3 


NOTE 3: These parameters are measured between both input diode leads shorted together and both phototransistor leads shorted together. 


switching characteristics at 25°C free-air temperature 


W 


PARAMETER TEST CONDITIONS 


Veo=20V,Iolon) = 8 mA 


(S40}ejOS]) siaj]dno90}dQ 


wy 
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TIL120, TIL121 
OPTOCOUPLERS 


PARAMETER MEASUREMENT INFORMATION 


Adjust amplitude of input pulse for 
IC(on) = 5mA 


INPUT 


INPUT 


OUTPUT 
(See Note b) 


RL = 1002 


VOLTAGE WAVEFORMS 


TEST CIRCUIT 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: zoy,= 502, tp < 15 ns, duty cycle ~ 1%, 


tw = 100 ws. 
b. Waveforms are monitored on an oscilloscope with the following characteristics: tp < 12 ns, Rin 21MQ, Cin S20 pF. 


FIGURE 1—SWITCHING TIMES 


Ww 


TYPICAL CHARACTERISTICS 


TIL120 TIL121 
COLLECTOR CURRENT COLLECTOR CURRENT 
vs 


vs 


COLLECTOR-EMITTER VOLTAGE COLLECTOR-EMITTER VOLTAGE 


Optocouplers (Isolators) 


50 
Ta = 28°C 
See Note 4 
40 — 
< < 
r= = 
I Z 
§ 30 S 
5 3 
36 ° 
5 5 
& 20 fy 
8 ; 
2 2 
10 
1?) 
0 5 10 15 20 25 0 5 10 15 20 25 
VceE—Collector-Emitter Voltage—V VceE—Collector-Emitter Voltage—V 
FIGURE 2 FIGURE 3 


NOTE 4: This parameter was measured using pulse techniques. ty = 100 us, duty cycle = 1%. 
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TIL120, TIL121 
OPTOCOUPLERS 
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TYPICAL CHARACTERISTICS 


NORMALIZED ON-STATE COLLECTOR CURRENT 


INPUT DIODE FORWARD CONDUCTION CHARACTERISTICS 


40 


a 


Ip —Forward Current-mA 
ro 
co 


0 02 04 06 08 10 12 141 


Vp —Forward Voltage—V 


FIGURE 4 


I¢—Phototransistor Collector Current—mA 


1.6 


25°C 


Collector Current Relative to Value at Ta 


vs 


FREE-AIR TEMPERATURE 


T T 
Voce =5V 


1.4|-— If = 10mA 


eas 


| 


75 —50 -25 


Ta- Free-Air Temperature—"C 


08 
06 
0.4 
0.2 
t) 
6 18 20 & 
PHOTOTRANSISTOR COLLECTOR CURRENT 
vs 
INPUT-DIODE FORWARD CURRENT 
100 
Vce -5V 
Ta = 25°C 
TIL121 
10 
4 
TIL120 
1 
04 
01 
0.04 t 
0.01 
O14 04 1 4 10 40 


OFF-STATE COLLECTOR CURRENT 


vs 
FREE-AIR TEMPERATURE 


10 000 


I¢—Input-Diode Forward Current—mA 


FIGURE 6 


Vee = 20 


< 


1.000 ip =0 


Icloft) Off State Collector Current—nA 


0.01 


50 -25 0 2 50 75 
Ta—Free-Air Temperature—°C 
FIGURE 7 


—Average Switching Time—us 


ton * toff 
2 
° 
> 


100 


AVERAGE SWITCHING TIME 


0 25 50 


FIGURE 5 


TIL120 


vs 
LOAD RESISTANCE 


75 


Ry —Load Resistance—s2 


FIGURE 8 


NOTE 5: These parameters were measured in the test circuit of Figure 1 with R, varied between 40 {2 and 10 k&2. 
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TIL124, TIL125, TIL126 
OPTOCOUPLERS 


D2227, MAY 1977—REVISED DECEMBER 1982 


COMPATIBLE WITH STANDARD TTL INTEGRATED CIRCUITS 
e Gallium Arsenide Diode Infrared Source Optically Coupled 

to a Silicon N-P-N Phototransistor 

High Direct-Current Transfer Ratio 

High-Voltage Electrical Isolation . . .5000-V Rating 

Plastic Dual-In-Line Package 

High-Speed Switching: t, = 2 us, te = 2 us Typical 

Typical Applications Include Remote Terminal Isolation, 


SCR and Triac Triggers, Mechanical Relays, and Pulse Transformers 


mechanical data 


The package consists of a gallium arsenide infrared-emitting diode and an n-p-n silicon phototransistor mounted on a 
6-lead frame encapsulated within an electrically nonconductive plastic compound. The case will withstand soldering 
temperature with no deformation and device performance characteristics remain stable when operated in high-humidity 


conditions. Unit weight is approximately 0.52 grams. 


9,39 (0.370) 
8,38 (0.330) 


[OXOXO) 


q 


pooper ion Leads are within 0,13 mm (0.005 inch) radius of 


__ 661 (0.260) b. true position (T.P.) with maximum material 
Kd 5.46 (0.215) condition and unit installed. 
2820115) 1.78 (0.070) MAX Pin 1 identified by index dot. 
riggs Terminal connections: 
. Anode Infrared-ermitting 
o perio 178 (0.070) 1,01 (0.040) . Cathode diode 
0,203 (0.008) (051 10.020) . No internal connection 


ial 381 (0.150) 73776060) . Emitter 
377 10.725) APLACES 0,534 (0.021) . Collector Phototransistor 


0.381 (0.015) 
2.54 (0.100) TP. 6. Base 


FALLS WITHIN JEDEC MO-001AM DIMENSIONS 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Input-to-Output Voltage 
Collector-Base Voltage 
Collector-Emitter Voltage (See Note 1) 
Emitter-Collector Voltage 
Emitter-Base Voltage 
Input-Diode Reverse Voltage F 
Input-Diode Continuous Forward Current 
Continuous Power Dissipation at (or below) 25°C i ‘Air Taoantine 
Infrared-Emitting Diode (See Note 2) 
Phototransistor (See Note 3) : 
Total, Infrared-Emitting Diode plus Phototrarsiater (See Note 4) 
Storage Temperature Range 
Lead Temperature 1,6 mm (1/16 inch) ian Case Aer 10 cnatiels 


1. This value applies when the base-emitter diode is open-circuited. 

2. Derate linearly to 100° C free-air temperature at the rate of 2 mw/C. 

3. Derate linearly to 100 C free-air temperature at the rate of 2 mw/*c. 

4. Derate linearly to 100 C free-air ternperature at the rate of 3.33 mw/c. 


NOTES: 


PRODUCTION DATA documents contain information 


current as of publication date. Products conform to 

specifications per the terms of Texas Instruments 

standard warranty. Production processing does not TEXAS 
necessarily include testing of all parameters. IN STRUMENTS 
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. t5 kV 
70 V 
30 V 
es 
aw 

» 2) ee 

100 mA 


150 mW 
150 mW 
250 mW 


. —55°C to 150°C 


. 260°C 
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TIL124, TIL125, TIL126 


OPTOCOUPLERS 


electrical characteristics at 25°C free-air temperature 


PARAMETER 


TIL124 


TIL125 TIL126 
UNIT 
MIN TYP MAX| MIN TYP MAX 


V(BR)CBO 
V(BR)CEO 
V(BR)EBO 


Ir 


'Cloff) 


VF 


VCE (sat) 


Collector-Base 
Breakdown Voltage 
Collector-Emitter 
Breakdown Voltage 
Emitter-Base 
Breakdown Voltage 
Input Diode Static 
Reverse Current 


One ate oe 


Collector 

Photodiode 
Current 

Operation 


Ic =1mA, 
Ip =0 
le =10ynA, 
Ip =0 


VR=3V 


Vep = 10V, 
le =0 


Ip =10 mA, 


Phototransistor] Vcg = 10 V, 
! i 
eration 
Collector < 


Current 


Transistor Static 
Forward Current 
Transfer Ratio 
Input Diode Static 
Forward Voltage 
Collector-Emitter 
Saturation Voltage 
Input-to-Output 
Internal Resistance 
Input-to-Output 
Capacitance 


Photodiode 
Operation 


Ves = 10V, 
Ie =0 


VcE=5V, 
Ip =0 


I¢=10mA, 


Ip =10mA 


Ic =1mA, 
Ip =0 
Vin-out = 500 V, 


See Note 5 


Ip =10mA, 


Vin-out = 9, 
See Note 5 


NOTE 5: These parameters are measured between both input-diode leads shorted together and all the phototransistor leads shorted together. 


switching characteristics at 25° C free-air temperature 


3-156 


Vec=10V, Ic(on) =2mMA,R_ = 1002, 
See Test Circuit A of Figure 1 
Vec=10V, Ic(on) = 20HA,RL = 1 kQ, 
See Test Circuit B of Figure 1 
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TIL124, TIL125, TIL126 
OPTOCOUPLERS 


a 
PARAMETER MEASUREMENT INFORMATION 


Adjust amplitude of input pulse for: 
Clon) = 2 MA (Test Circuit A) or 
IC(on) = 20 A (Test Circuit B) 


INPUT 
472 | bs. 
INPUT 1°) INPUT 
OUTPUT 
(See Note b) bt 1) feel 
‘ OUTPUT i OUTPUT 


RL =1002 


10% 


TEST CIRCUIT B 
VOLTAGE WAVEFORMS PHOTODIODE OPERATION 


TEST CIRCUIT A 
PHOTOTRANSISTOR OPERATION 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: Zoyz = 50 9, ty S 15 ns, duty cycle * 1%, 


tw = 100 us. 


b. The output waveform is monitored on an oscilloscope with the following characteristics: ty < 12 ns, Rin 2 1 M&2, Cin S 20 pF. 


FIGURE 1—SWITCHING TIMES 


TYPICAL CHARACTERISTICS 


COLLECTOR CURRENT 
vs 
INPUT-DIODE FORWARD CURRENT 


\¢—Collector Current—mA 


0.1 o4 61 4 10 40 100 
|p—Forward Current—mA 


FIGURE 2 
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TIL124, TIL125, TIL126 
OPTOCOUPLERS 


TYPICAL C 
TIL124 


COLLECTOR CURRENT 
vs 
COLLECTOR-EMITTER VOLTAGE 


60.-—; ; 
\ Ip=0 
12 Ta = 25°C 
50 1% See Note 6 
<x ie) | 
[3 
| t 
: | 
(cd 
5 
rs) 
§ | 
8 
ro) 
‘3 
2 
(eo) 0 2 4 6 ®8 10 12 14 16 s1@y20 
To 
oS VcE-—Collector-Emitter Voltage—V 
iz) FIGURE 3 
(eo) 
s TIL126 
OD COLLECTOR CURRENT 
oS vs 
% COLLECTOR-EMITTER VOLTAGE 
_ 
a. 60 r : 
$ Ig -0 
D> Ta = 25°C 
oS 50 See Note 6 
= <x 
7) E 
i a0 
S 
5 
© 30 
° 
8 
8 20 
2 


10 


0:2 4 6 8 10 T20h4 316. 17 920 


VceE—Collector-Emitter Voltage—V 
FIGURE 5 


HARACTERISTICS 
TIL125 


COLLECTOR CURRENT 
vs 


COLLECTOR-EMITTER VOLTAGE 


60 
\Z Ip=0 


50 


Ta = 25°C 
i + [| See Note 6 
a) 


\c—Collector Current—mA 


BD 2D A Geet) 12) 14) 46° 38 20 
Vce--Collector-Emitter Voltage—V 
FIGURE 4 


RELATIVE ON-STATE COLLECTOR CURRENT 
vs 
FREE-AIR TEMPERATURE 


25°C 


VcE = 0.4 V to 10 V 
Ip=0 aS SS 
Ip =10mA 
See Note 7 


x|| 


sla 
b 


ee 13 
= -50°-25 0 2 50 %75 100 125 


Ta—Free-Air Temperature—°C 
FIGURE 6 


Collector Current Relative to Value at Ta 


NOTES: 6. Pulse operation of input diode is required for operation beyond limits shown by dotted lines. 
7. These parameters were measured using pulse techniques. ty = 1 ms, duty cycle < 2%. 
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TIL124, TIL125, TIL126 


OPTOCOUPLERS 
TYPICAL CHARACTERISTICS 
OFF-STATE COLLECTOR CURRENT NORMALIZED TRANSISTOR STATIC FORWARD 
CURRENT TRANSFER RATIO 


vs 
FREE-AIR TEMPERATURE vs 
ON-STATE COLLECTOR CURRENT 


Hl 
att 
sani 


Normalized to 1.0 


IC(off)—Off-State Collector Current—nA 


Ww 


0.1 
0 10 20 30 40 50 60 70 80 90 100 


0.1 0.2 0.4 1) 2a 2 1 
Ta—Free-Air Temperature—°C oe - 


1C(on)—On-State Collector Current—mA 


Normalized Static Forward Current Transfer Ratio—hFE 


FIGURE 7 FIGURE 8 
INPUT DIODE FORWARD COLLECTOR CURRENT 
CONDUCTION CHARACTERISTICS “3 


MODULATION FREQUENCY 


a aa 


Optocouplers (Isolators) 


<x 
¢ 120 TY E 
# 100 | PAE I 5 
= = 
o J 
om. 
S 80 5 
z 8 
a = 
60 9° 
; ee 
A [S) 
a 40 = 
20 
ie) 
0 0.2 04 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 1 4 10 40 100 400 1000 
VF—Forward Voltage—V f—Modulation Frequency—kHz 
FIGURE 9 FIGURE 10 
NOTE 7: These parameters were measured using pulse techniques. ty, = 1 ms, duty cycle < 2%. 
J 
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TIL127, TIL128A 
OPTOCOUPLERS 


D2328, MAY 1977—REVISED JUNE 1989 


Gallium Arsenide Diode Infrared Source Optically Coupled to a Silicon N-P-N 
Darlington-Connected Phototransistor 


High Direct-Current Transfer Ratio . . . 300% Minimum at 10 mA 
High-Voltage Electrical Isolation .. .5000-Volt Rating 
Plastic Dual-In-Line Package 


Typical Applications Include Remote Terminal Isolation, SCR and Triac Triggers, 
Mechanical Relays, and Pulse Transformers 


@ No Base Connection on TIL128A for Environments with High Electromagnetic Interference 


mechanical data 


The package consists of a gallium arsenide infrared-emitting diode and an n-p-n silicon phototransistor mounted on a 
6-lead frame encapsulated within an electrically nonconductive plastic compound. The case will withstand soldering 
temperature with no deformation,and device performance characteristics remain stable when operated in high-humidity 
conditions, Unit weight is approximately 0.52 grams. 


Ee) NOTES: 

(OXOKO) a. Leads are within 0,13 mm (0.005 inch) radius of 
true position (T.P.) with maximum material 
condition and unit installed. 

& INDEX DOT . Pin 1 identified by index dot. 


7,62 (0.300) T.p, (See Note b) Y y 
(Se0'New a) Terminal connections: 


patie eo) - Anode Infrared-emitting 
5,46 (0.215) . Cathode diode 


297 0.118) 1.78 (0.070) MAX . No internal connection 
6 PLACES 


. Emitter 


— SEATING PLANE . Collector Photo- 


1,78 (0.070) 1,01 (0.040) as 
aonae 0,51 (0.020) MIN . TIL127: Base transistor 


wey 28 Re 
3,17 10.128) 4PLACES 0,534 (0.021) 
0,381 (0.015) 


2,54 (0.100) T.P. 
(See Note a) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES. 
FALLS WITHIN JEDEC MO-001AM DIMENSIONS 


6 PLACES 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Inputto-Outpot Voltage rr tse «cs 6 tee G- < cp ecupe iio ett ne canner ain’ +5 kV 
Goltacter= Biase Walrasian Pile Ce Rey ser reas sa a arn encase eee 
Collector-Emitter Voltage (See Note?) piacas: S455) SOLO RTE RAM. 4 ecw ew ws SOV 
Emitter-Callecton Woltage ss tincrte te pe a ey) keer ste ee HOG Ee te ee Ce RE MamMnE: Gh Gita Se, 7V 
Emitter:Base Volrage ian a) cartel a: gs ah ah wd dk kis ere eigen eee MOY i SOM UNO: at ko 7V 
Input-Diode Reverse Voltage ... . Pe ee Se eae ages en A i RR cgi |e rr 3V 
Input-Diode Continuous Forward Citeni® rs ae Se 4) EN tesa’ cabernet eee 2 Oana 
Continuous Power Dissipation at (or below) 25°C Free-Air Temperature: 

Infrared: Briittinign Dicten (Sde'Note: 2). 6 ea ee ew SSR eee ts. TSO 

Phototransistor (See Note3) . . ... oho Soe Es Pleo ees. 5. SE 

Total (Infrared-Emitting Diode plus Phetotrenceien: See NOt) Pe tole eds. x « SOOM 
Storage Temperature Range ae Sole | ae owe eee dn —55 °C:tor1boee 
Lead Temperature 1,6 mm (1/16 Inch) tesite tn fee 10 Sehende. Ng eet FPS ea ooo ns eh 260°C 


NOTES: 1. This value applies when the base-emitter diode is open-circuited. 
2. Derate linearly to 100°C free-air temperature at the rate of 2 mw/c. 
3. Derate linearly to 100°C free-air temperature at the rate of 2 mw/c. 
4. Derate linearly to 100°C free-air temperature at the rate of 3.33 mw/*C. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to is 
TEXAS 


Copyright © 1989, Texas Instruments Incorporated 


specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 


necessarily include testing of all parameters. IN STRUM ENTS 
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TIL127, TIL128A 
OPTOCOUPLERS 


electrical characteristics at 25°C free-air temperature 


+t QUE er eee 27 TIL128A 
PARAMETER TEST CONDITIONS MIN. TYP MAX| MIN. TYP MAX 


Collector-Base 
V(BRICBO Breakdown Voltage 

Collector-Emitter 
V(BRCEO Breakdown Voltage 
Emitter-Base 
Breakdown Voltage 
Emitter-Collector 
V(BR)ECO Breakdown Voltage 
Input Diode Static 
Reverse Current 
On-State 
Collector Current 
Off-State 
Collector Current 


I¢= 10 nA, 


Vicaetun, 


V(BR)EBO 


'c(on) 


ICloff) 


Transistor Static 
hee Forward Current 
Transfer Ratio 
Ve Input Diode Static 
Forward Voltage 
ae ioas Collector-Emitter Ic 125 mA, 
Saturation Voltage Ic = 30 mA, Ip =10mA 


Input-to-Output 
Vi =500V, See Note5 
"10 Internal Resistance ay 


NOTE 5: These parameters are measured between both input-diode leads shorted together and all the phototransistor leads shorted together. 
TReferences to the base are not applicable to the TIL128A. 


switching characteristics at 25°C free-air temperature 


TIL127 TIL128A 
PARAMETER TEST CONDITIONSt OE UNIT 
| _ranaweren | testeconprmionst | MIN TYP MAX |MIN TYP MAX 


Vee=18V, clon) = 125mA, en 
tf Fall Time R_=100 2, See Figure 1 


tf Rise Time Vec=10V, Icon) = 2.5 mA, ee | 
tf Fall Time RL = 100 2, See Figure 1 bhaigars 
PARAMETER MEASUREMENT INFORMATION 
Se Adju: plitude for: 
ey ay pe 
T 1¢ 1 eee Ic(on) = 2-5 mA (TIL128A) 
“ek | INPUT ifirs Dist sEeantLos 
pee of 


1 ' 


OUTPUT 
RL = 10082 


OUTPUT 


TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: Zour = 50 2, t- < 15 ns, duty cycle = 1%, 
tw = 500 us. 
b. The output waveform is monitored on an oscilloscope with the following characteristics: t; < 12 ns, Ri, > 1 MQ, Cin < 20 pF 


FIGURE 1—SWITCHING TIMES 
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TIL127, TIL128A 
OPTOCOUPLERS 


TYPICAL CHARACTERISTICS 


COLLECTOR CURRENT 
vs 


COLLECTOR-EMITTER VOLTAGE 


COLLECTOR CURRENT 
vs 


COLLECTOR-EMITTER VOLTAGE 


E 
INSTRUMENTS 
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120 i + = 
Ip=n \ 6 % “e 
° VO. 7 
Tp = 25°C Vator 
100 + See Note 6 ++, Ox 
47 < 
t E 
L 80 vi 
4 8 
3 60 8 
5 2 
: E 
5 40 S 
e | 
S) 2 
20 if 
Ta =25 C 
20 A 
See Note 6 3 
0 0 iB) A) 
0 0.4 08 1.2 1.6 2.0 2.4 0 02040608 1 1214 1618 2 rr) 
VceE—Collector-Emitter Voltage—V VceE-—Collector-Emitter Voltage—V ro} 
~ 
FIGURE 2 FIGURE 3 & 
fe) 
x 
COLLECTOR CURRENT OFF-STATE COLLECTOR CURRENT — 
vs vs no 
INPUT-DIODE FORWARD CURRENT FREE-AIR TEMPERATURE o 
400 1000 2 
1a 
<x 
es Ts} o 
< 200-TA 1 100 L Pat 
c 4 
i P S 
om 2 
e 1S) 1 Oo 
= 100 re) . 
| o 
2 79 2 
2 io} 1 
3 ri 
3 40 = 
i @> On 
4 9 
20 e 
2 
10 0.001 | 1 
1 2 4 7 10 20 40 70100 0 25 50 75 100 125 
\—p—Forward Current—mA Ta—Free-Air Temperature—°C 
FIGURE 4 FIGURE 5 
NOTE 6: Pulse operation of input diode is required for operation beyond limits shown by dotted line. 
u 
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TIL127, TIL128A 


OPTOCOUPLERS 
TYPICAL CHARACTERISTICS 
TIL127 
RELATIVE COLLECTOR-EMITTER TRANSISTOR STATIC FORWARD 
SATURATION VOLTAGE CURRENT TRANSFER RATIO 
vs vs 
FREE-AIR TEMPERATURE COLLECTOR CURRENT 
& 1.6 5 T ' 25) 000 | me a LE 
g Ic = 125 mA | s VcE=1V 
S$ 1.4 | Ip=0 hth $8 | Ip=0 | 
EQ Ip =50 mA = 20,000 | TA=25°C | HH 
ea 12 4 a 2 
5 & 
of = 
ope = 15,000 mi 
£9 g 
£ =e08 Ss 
ws 2 
52 § 10,000 
££. 0.6 $ 
ay c 
= 2 2 to 
SS 04 3 
Jee 5,000 to ttt 
= £ 
2 0.2 wa 
rm il + Hlth + | 4 
> 0 Bi = (0) Poi | | Py 
-75 -50 -25 0 25 50 75 100 125 Ot “Ca 1 4 10 40 100 400 1000 
Ta—Free-Air Temperature—°C (¢—Collector Current—mA 
FIGURE 6 FIGURE 7 


INPUT DIODE FORWARD 
CONDUCTION CHARACTERISTICS 


160 i) T T aa | 
See Note 7 

140 

120 + 


100 a 


\p—Forward Current—mA 
a2 oo 
5S 
en 
, 
mat 


0 02 04 06 0.8 1.0 1.2 14 1.6 1.8 2.0 
VF—Forward Voltage—V 
FIGURE 8 


NOTE 7: This parameter was measured using pulse techniques. tw = 1 ms, duty cycle < 2%. 
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TIL153, TIL154, TIL155 
OPTOCOUPLERS 


D2491, SEPTEMBE R—REVISED DECEMBER 1982 


UL LISTED — FILE # E65085 


e GaAs-Diode Infrared Source Optically Coupled 
to a Silicon N-P-N Phototransistor 


© Direct-Current Transfer Ratio... 10% to 50% 
e Plug-In Replacements for T1L111 Series 


e High-Voltage Electrical Isolation . . . 2500 V RMS (3535 V Peak) 
mechanical data 


The package consists of a gallium arsenide infrared-emitting diode and an n-p-n silicon phototransistor mounted on a 
6-lead frame encapsulated within an electrically nonconductive plastic compound. The case will withstand soldering 
temperature with no deformation and device performance characteristics remain stable when operated in high-humidity 
conditions. Unit weight is approximately 0.52 grams. 


9,40 (0.370) 
5.38 (0.330) 


OOO 


NOTES: 


: 7,62 (0.300) Tp, ceomrobogl a. Leads are within 0,13 mm (0.005 inch) radius of 


wie true position (T.P.) with maximum material 
ues nae (See Note c) : 
® ® ® condition and unit installed. 


6.09 (0.240) 
5,46 (0.215) b. Pin 1 identified by index dot. 
732 0.115) 1.78 (0.070) MAX 


3 


Terminal connections: 


. Cathode diode 


6 PLACES 
. Anode er 


— SEATING PLANE 
0,305 (0.012) 1.78 (0.070) ine . No internal connection 


0. (a, 0,51 (0.020) MIN 3 
a a . Emitter 
2,29 (0.090) 
* 3.81(0.150) 7°37 (0.080) . Collector Phototransistor 
31710125) 4 PLACES 0,594 (0,021) Base 


0,387 (0.015) 
2,84 (0.100) T.P. — @ PLACES 
{See Note a) 


FALLS WITHIN JEDEC MO-001AM DIMENSIONS 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Optocouplers (Isolators) 


Input-to-Output RMS Voltage (See Note 1) - + + + appeared shark (BS se-enteieetemars en i2S00u 
Collector-Base Voltage ee Re ey eee A ee ne a re 
Collector-Emitter Voltage (See Note 2). Saal eset nae ge soe pean eeoivtana ana rg rab ellipae yi ener eg mg en mR 
Erittter-Collecter Votiages’ ac... ARRRRT TERT POR A a er en ee re Beal curren ctreereeea 
BinilttersBese: Voltage. ch hid il ag ce TS ame 
Input-Diode Reverse Voltage ... . Pelimapenve ee note: 9-9 A 
Input-Diode Continuous Forward Chicane at ie below) 25° c — Ait Parnideratilre (See Note 3) amen | 0. FN | 
Continuous Phototransistor Power Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) . . . 150mW 
Storage Temperature Range ah SSE eo Fe 3, Cee Se Cte 1e0ne 

. 260°C 


Lead Temperature 1,6 mm (1/16 inch) wari ies Ne 10 innit 


NOTES: 1, This rating applies for sine-wave operation at 50 or 60 Hz. Service capability is verified by testing in accordance with UL 
requirements, 
2. This value applies when the base-emitter diode is open-circuited, 
Derate linearly to 100°C free-air temperature at the rate of 1,33 maA/°C, 
4, Derate linearly to 100°C free-air temperature at the rate of 2 mw/°c, 


S 
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current as of publication date. Products conform to = 
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TIL153, TIL154, TIL155 
OPTOCOUPLERS 


electrical characteristics at 25°C free-air temperature 


PARAMETER 


Collector-Base 


TIL153 
TEST CONDITIONS 


TIL154 


TIL155 


MIN TYP MAX|MIN TYP MAX|MIN TYP MAX 


Ic =10HA, 


Vv 70 
(BR)CBO Breakdown Voltage {F=0 
¥ Collector-Emitter Ic=1mA, Ig =0, 30 
(BR)CEO Breakdown Voltage Ip =0 
ey Emitter-Base le =10 HA, lo = 7 
(BRIEBO 5 eakdown Voltage Ip =0 
! i tati 
ie nput Diode Static VR=3V 10 
Reverse Current 
Phototransistor | Vcg = 10 V, Ip =10 mA, 
On-State . 2. ae 
Operation Ip=0 
Collector ; 
Photodiode Vcp =10V, Ip = 10 mA, 
Current % 10 
Operation le=0 


Phototransistor 


'Cloff) 


OO 


hre 


Off-State 1 50 
Operation Ip =0 
Collector = 
Photodiode Vcp=10V, Ip=0; 
Current fi 0.1 20 0.1 20 
Operation le=0 
Transistor Static Foi d I¢ =10 mA, 
‘ansistor Static Forwar Cc m 50" 100 aon. one 
Current Transfer Ratio Lael 
Input Diode Stati 
ene ree Ip =10 mA eer 12. 4:4 
Forward Voltage 
Collector-Emitter Ic =1mA, Ip = 10 mA, 025 04 025 04 
Saturation Voltage Ip=0 ( i‘ : | 
be dapat Vin-out = 500 V, 4011 7611 
Internal Resistance See Note 5 
T 
Input-to-Output Vin-out = 9, f=1 MHz, 4h ns a ae 
Capacitance See Note 5 i 3| 


switching characteristics at 25°C free-air temperature 


NOTE 5: These parameters are measured between both input diode leads shorted together and all the phototransistor leads shorted together. 


PARAMETER 


TEST CONDITIONS 


MIN TYP MAX] UNIT 


(S10}eOS]) siajdno90}dO 


ty Rise Time 


Phototransistor 


te Fall Time Operation 
tr Rise Time Photodiode 


Operation 


t¢ Fall Time 


See Test Circuit B of Figure 1 


Vec = 10V, IC(on) = 2 mA, RL = 1002, 
See Test Circuit A of Figure 1 
Vec=10V, IC(on) = 20 HA, RL =1kQ, 
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TIL153, TIL154, TIL155 
OPTOCOUPLERS 


PARAMETER MEASUREMENT INFORMATION 


Adjust amplitude of input pulse for: 
IC(on) = 2 MA (Test Circuit A) or 
IC(on) = 20 HA (Test Circuit B) 


INPUT 
472 
472 
INPUT = INPUT 
ouTPUT 
(See Note b) 
RL = 1002 OUTPUT 
(See Note b) 
TEST CIRCUIT A TEST CIRCUIT B 
PHOTOTRANSISTOR OPERATION VOLTAGE WAVEFORMS PHOTODIODE OPERATION 


NOTES: a. The input waveform is supplied by a generator with the following characteristics: Zoyz = 50 2, tr < 15 ns, duty cycle = 1%, 
tw = 100 us. 
b. The output waveform is monitored on an oscilloscope with the following characteristics: t, < 12 ns, Rin 2 1 MQ, Cin < 20 pF. 


Ww 


FIGURE 1—SWITCHING TIMES 


TYPICAL CHARACTERISTICS 


COLLECTOR CURRENT 
vs 
INPUT-DIODE FORWARD CURRENT 


VcE= 10 V TIL155 
40 Ig =0 
Ta = 25°C 


Optocouplers (Isolators) 


10 


TIL154 
TIL153 


I-—Collector Current—mA 
Si 


0.01 | | 
0.1 04 1 4 10 40 100 


|—-—Forward Current—mA 


FIGURE 2 
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TIL153, TIL154, TIL155 
OPTOCOUPLERS 


TYPICAL CHARACTERISTICS 


TIL153 


COLLECTOR CURRENT 
vs 
COLLECTOR-EMITTER VOLTAGE 


TIL154 
COLLECTOR CURRENT 
vs 
COLLECTOR-EMITTER VOLTAGE 


CU Pama encima = 
\> Ip=0 
1 3 Ta=25°C | 
50 Ve See Note 6 
< 2 < 
& 
] ul 
iS S 
s 6 
8 8 
8 § 
b 2 
© at ie i Ts 0 2 4 6 8 10 12 14 16 18 20 
So VceE-—Collector-Emitter Voltage—V VcE—Collector-Emitter Voltage—V 
ro) FIGURE 3 FIGURE 4 
) 
is TIL155 
= COLLECTOR CURRENT RELATIVE ON-STATE COLLECTOR CURRENT 
Ny vs vs 
177) COLLECTOR-EMITTER VOLTAGE FREE-AIR TEMPERATURE 
= 60 2 16 
$ ig VcE = 0.4 V to 10 V 
— " In =0 
® 14+ 'B 
* 50 = Ip =10mA 
° ¢ % 1.2 |-See Note 7 
2) 1 s 
— + 40 3 
S > 420 
S| 2 
2 30 2 08 
5 P= 
H 2 0.6 
8 20 ¢ ; i 
2 ~ pss 5.04 | 
i =10mAL_ P= 347/on, cs) | 
+ 8.02 a | 
in : 
ie 8 oO tows 
0 10 12 14 16 17 20 -75 -60-25 0 25 50 75 100 125 
" Vandalia Voltage—V Ta—Free-Air Temperature—C 
FIGURE5 FIGURE 6 
‘NOTES: 6. Pulse operation of input diode is required for operation beyond limits shown by dotted lines. 
7. These parameters were measured using pulse techniques. ty, = 1 ms, duty cycle < 2%, 
u 
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TIL153, TIL154, TIL155 


OPTOCOUPLERS 
TYPICAL CHARACTERISTICS 
OFF-STATE COLLECTOR CURRENT NORMALIZED TRANSISTOR STATIC FORWARD 
vs CURRENT TRANSFER RATIO 
FREE-AIR TEMPERATURE w vs 
= ON-STATE COLLECTOR CURRENT 
13 

as 

& 
¢ ee 
i s 
is B 
fs S ie" 
3 FE 
5 § 10 
2 3 
2 o 08 
S) 2 
e oS 
5 = 06 
rae 2 
6 £ 04 
ia § 3 
= n 
s 3 0.2 TT Normalized to 1.0 
= = atic =1mA 

0.1 - 0 | Weare 
0 10 20 30 40 50 60 70 80 90 100 8 0.1 0.2 0.4 1 oO 4 10 20 40 100 


Ta—Free-Air Temperature—°C 


| —On-State Collector Current—mA 
FIGURE 7 Clon) 


FIGURE 8 
INPUT DIODE FORWARD COLLECTOR CURRENT 
CONDUCTION CHARACTERISTICS a 


MODULATION FREQUENCY 


Optocouplers (Isolators) 


\p—Forward Current—mA 
Ic¢—Collector Current—mA 


0 0.2 04 0.6 08 1.0 1.2 14 16 18 2.0 0 a) 46 40 100 


400 1000 
VF—Forward Voltage—V fmod—Modulation Frequency—kHz 
FIGURE 9 FIGURE 10 
NOTE 6: These parameters were measured using pulse techniques. tw = 1 ms, duty cycle < 2% 
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TIL156, TIL157A 
OPTOCOUPLERS 


D2492, SEPTEMBER 1978—REVISED JUNE 1989 


UL LISTED — FILE #E65085 


® GaAs-Diode Light Source Optically Coupled to a Silicon N-P-N 
Darlington-Connected Phototransistor 


@ High Direct-Current Transfer Ratio . . . 300% Minimum at 10 mA 
@ Plug-In Replacement for TIL113 and TIL119A 
® High-Voltage Electrical Isolation . . . 2500 V RMS (3535 V Peak) 


@ No Base Connection on TIL157A for Environments with High 
Electromagnetic Interference 


mechanical data 


The package consists of a gallium arsenide infrared-emitting diode and an n-p-n silicon darlington-connected 
phototransistor mounted on a 6-lead frame encapsulated within an electrically nonconductive plastic compound. The 
case will withstand soldering temperature with no deformation and device performance characteristics remain stable 
when operated in high humidity conditions. Unit weight is approximately 0.52 grams. 


9,40 (0.370) 
8,38 (0.330) 


NOTES: 
a. Leads are within 0,13 mm (0.005 inch) radius of true 
position (T.P.) with maximum material condition and 


3 


(OXOXO) 


‘, 
7,62 (0.300) T.P. 
(See Note a) 


6,61 (0.260) 
6.09 (0.240) 


— SEATING PLANE 


INDEX DOT 
(See Note b) 


OO® 


5,46 (0.215) 


282 10.175) 1,78 (0.070) MAX 


6 PLACES 


unit installed. 


. Pin 1 identified by index dot. 


Terminal connections: 
. Anode Infrared-emitting 
. Cathode diode 
. No internal connection 


. Emitter 


0,305 (0.012) 1,78 (0.070) 1,01 (0.040) 


0,203 (0.008) 0.51 (0.020) 


ae 2,29 (0.090) 
ba 3,81 (0.150) ie 
31710125) a pLaces 0,534 (0.021) 
0.381 (0.015) 


2,54 (0.100) T.P. 6 PLACES 
(See Note s) 


ine - Collector Photo- 

. TIL156 base transistor 
TIL157A no internal 
connection 


FALLS WITHIN JEDEC MO-001AM DIMENSIONS 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES. 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Optocouplers (Isolators) 


Input-to-Outpit RMS Voltage (Seé Note 1)) «0.25... <7 POR RR ED cc ee 2500 V 
Gollector-Base Voltage (THASE) <i ser eaters a eer STEN PI nT PURER ETS 30 V 
Collector-Emitter Voltage (See’Note ay ' oF AES NEE nee Rit ee ee es ons wide Haris Be ws 30 V 
Emitter-Collestorevichtntit Oeanes 229he a i a Sis waa oreo aig oe shawls ene epee a nee wo Min MRES lai ue) ws ry 
Emitter-Base Voltage Chie NOG nas fotwce. ofa! sh bne. € Ce: ore lane gant w oO ASAI Re aeapeieneget same cr mee fe cas ass 7V 
Input-Diode: Reverse: Wolter tert nie. isa angie a os: 2 deat od siwieoe we anda, os duahgeels Sree ME ceod Ge ary. 
Input-Diode Continuous Forward Current at (or below) 25°C Free-Air Temperature (See Note3) ....... 100 mA 
Continuous Phototransistor Power Dissipation at (or below) 25°C Free-Air Temperature (See Note 4) 150 mW 
Storage Tenberatura Ragone te sits a tcie.g < ccb ic aso Oh ayers mpemepeices eit SPD «cin gi Ped ~55°C to 150°C 
Lead Temperature 1,6 mm (1/16 inch) from Case for 10 Seconds ....... 2.00 cece eee ee eee eee 260°C 


NOTES: 1. This rating applies for sine-wave operation at 50 or 60 Hz. Service capability is verified by testing in accordance with UL 
requirements. 

2. This value applies when the base-emitter diode is open-circuited. 

3. Derate linearly to 100°C free-air temperature at the rate of 1.33 mA/°C. 


4. Derate linearly to 100°C free-air temperature at the rate of 2 mW/C. 


PRODUCTION DATA documents contain information Copyright © 1989, Texas Instruments Incorporated 


current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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TIL156, TIL157A 
OPTOCOUPLERS 


electrical characteristics at 25°C free-air temperature 


PARAMETER 


Collector-Base 
V(BR)CBO Breakdown Voltage 
Collector-Emitter 
V(BR)CEO Breakdown Voltage 
Gienveens Emitter-Base 
Breakdown Voltage 
Emitter-Collector 
V(BR)ECO Breakdown Voltage 
Input Diode Static 
Reverse Current 
On-State 
Collector Current 
Off-State 
Collector Current 


TIL156 


MIN TYP MAX 


TIL157A 


TEST CONDITIONSt 


Ic =10nA, =0, =0 


Ic(on) 


ICloff) 


Transistor Static 

Forward Current 

Transfer Ratio 

Input Diode Static 

Forward Voltage 

ae Collector-Emitter Ic = 125mA, __—Ip=0, Ip =50mA ie 
Saturation Voltage Ic = 30 mA, Ip =10mA 

Input-to-Output 


Vi =500V, See Note 5 
Internal Resistance MOeE 


Input-to-Output 
Capacitance 


f= 1 MHz, See Note 5 


Vin-out = 9, 


Note 5: These parameters are measured between both input-diode leads shorted together and all the phototransistor leads shorted together. 
tReferences to the base are not applicable to the TIL157A. 


switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONSt 


Vee=15V, ~~ Iofony = 125 mA, 


te Fall Time Ri = 100 2, See Figure 1 
Veo= TOV, Icjon) = 2.8 mA 
tf Fall Time R_L= 100 9, See Figure 1 


PARAMETER MEASUREMENT INFORMATION 


i a Adjust amplitude of input pulse for: 
ie sy 472 Ic(on) = 125 mA (TIL156) 

| | 

| 

| 

Les 


44 —o input Ic(on) = 2.5 mA (TIL157A) 


Dee a Rel inet os 


OUTPUT 
Ri = 10082 


OUTPUT 


TEST CIRCUIT = VOLTAGE WAVEFORMS 
NOTES: a. The input waveform is supplied by a generator with the following characteristics: Zour = 50 22, t- < 15 ns, duty cycle = 1%, 
tw = 500 us. 
b. The output waveform is monitored on an oscilloscope with the following characteristics: tp < 12 ns, Rin 2 1 M&2, Cj, < 20 pF. 


FIGURE 1—SWITCHING TIMES 
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TIL156, TIL157A 
OPTOCOUPLERS 


TYPICAL CHARACTERISTICS 


COLLECTOR CURRENT 
vs 
COLLECTOR-EMITTER VOLTAGE 


120 r Zz 
Ip=0 ‘ 4 
\“O, 1% 
Ta = 25°C yt ee” 
100 | See Note 6 ++, 9 


40 


I¢—Collector Current—mA 
2) 


20 


0 0.4 0.8 12 1.6 2.0 2.4 
VcE—Collector-Emitter Voltage—V 


FIGURE 2 


COLLECTOR CURRENT 
vs 


INPUT-DIODE FORWARD CURRENT 


400 


200 


100 


70 


40 


I¢—Collector Current—mA 


20 


10 


1 2 4 7 10 20 40 


|p—Forward Current—mA 


70 100 


FIGURE 4 


IC(off)-Off-State Collector Current—yA 


I¢—Collector Current—mA 


1000 


100 


0.1 


0.01 


0.001 


COLLECTOR CURRENT 
vs 


COLLECTOR-EMITTER VOLTAGE 


See Note 6 1 
a 


Oi0.2 304.0608 245 12014 1.6 1:8 2 
VcE—Collector-Emitter Voltage—V 


FIGURE 3 


OFF-STATE COLLECTOR CURRENT 
vs 
FREE-AIR TEMPERATURE 


] 
VcE=10V 
Ip=0 
Ip =0 
| 
4 
0 25 50 75 100 125 


Ta—Free-Air Temperature—°C 


FIGURE 5 


NOTE 6: Pulse operation of input diode is required for operation beyond limits shown by dotted line. 
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Optocouplers (Isolators) 


3-173 


TYPICAL CHARACTERISIICS 


Ww 


TIL156 
RELATIVE COLLECTOR-EMITTER TRANSISTOR STATIC FORWARD 
SATURATION VOLTAGE CURRENT TRANSFER RATIO 
vs vs 
FREE-AIR TEMPERATURE COLLECTOR CURRENT 

= 1.6 i T = ra 

& I¢ = 125 mA ‘ a 

S$ 1.4 | Ip=0 8 

so Ip =50 mA va 

Za 12 | 2 

Su S 

Se 10; va 

Bs 5 

218 £ 

E 2 0.8 3 é 

a { 2 

£2 o6 batt, & 

Sw = 

= 2 5 

rs) +— % 

Le é 

3 0.2 | & 

wy w 

Ss) 

> 0 ir P= 

-75 -50 -25 0 25 50 75 100 125 0:19 210 4 ro 4 10 40 100 400 1000 
Ta—Free-Air Temperature—C |¢—Collector Current—mA 


FIGURE 6 FIGURE 7 


INPUT DIODE FORWARD 
CONDUCTION CHARACTERISTICS 
160 


See Note 7 
140 


120 


(S40}e]OS]) siajdnos0}do 


100 


80 


60 


40 


\——Forward Current—mA 


20 


oi 4 
0 G2 O4°C06. 0.8 “T1214 Te Te 2 


VF—Forward Voltage—V 
FIGURE 8 


NOTE 7: This parameter was measured using pulse techniques. ty, = 1 ms, duty cycle < 2%, 
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TIL181 
OPTOCOUPLER 


D2906, OCTOBER 1985—REVISED MARCH 1988 


COMPATIBLE WITH STANDARD TTL INTEGRATED CIRCUITS 


@ Gallium Arsenide Diode Infrared Source Optically Coupled to a Silicon N-P-N 
Phototransistor 


High Direct-Current Transfer Ratio 

High-Voltage Electrical Isolation . . . 2.5 kV rms (3.535 kV peak) 
Plastic Dual-In-Line Package 

High-Speed Switching: tr = 2 us Typ, tf = 2 us Typ 

UL Recognized — File #E65085 


Primarily Used with Telephone Ring Detector TCM1520A and Tone Drivers 
TCM1501B, TCM1506B, TCM1512B, TCM1531, TCM1532, TCM1536, 
and TCM1539 


mechanical data 


The package consists of a gallium arsenide infrared-emitting diode and an n-p-n silicon phototransistor 
mounted on a 6-pin lead frame encapsulated within an electrically nonconductive plastic compound. The 

case will withstand soldering temperature with no deformation and device performance characteristics 3 
remain stable when operated in high-humidity conditions. Unit weight is approximately 0.52 grams. 


OOO 


q INDEX DOT 


7.62 (0.300) T.P (See Note B) 
(See Note A) 


6.61 (0.260) 
~ 6.09 10.240) ® © © ‘see nore 1 


1.78 (0.070) MAX 
6 PLACES 


— SEATING PLANE 


0.305 (0.012) DET 1 Aoi - | - 1.01 (0.040) 
0,203 (0.008) MIN 


Optocouplers (Isolators) 


4 PLACES 


0.534 (0.021) 

0.381 (0.015) 

2.54 (0.100) T.P. ——. 6 PLACES 
(See Note A) 


2.29 (0.090 
a 3.81 (0.150) 737 10 350} 
3.17 (0.125) 


NOTES: A. Leads are within 0,13 mm (0.005 inch) radius of true position (T.P.) with maximum material 
condition and unit installed. 
B. Pin 1 identified by index dot. 
C. Terminal connections: 
1. Anode 
Cathode 
No internal connection 
Emitter 
Collector Phototransistor 
Base 


Infrared-emitting diode 


FALLS WITHIN JEDEC MO-001AM DIMENSIONS 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


PRODUCTION DATA documents contain information Copyright © 1985, Texas Instruments Incorporated 


current as of publication dete. Products conform to we 
necessarily include testing of all parameters. INSTRUMENTS 
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TIL181 
OPTOCOUPLER 


eS a SS ee a SS eS Se ed eee eee 
absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Input-to-output voltage a. bakes. dheatig®. snake daniel. woe. +2.5 kV rms (+3.535 kV peak) 
Gollestor-base WOlEge sr. 5 ic of 0 5 ooo eS rim Sie a BE 70 V 
Collector-emitter voltage (see Note 1) 
Emitter-collector voltage 
Emitter-base voltage ........... 


Inpat-diode revermewvaltage < os. 5.6 ery 2c ace celey bie eo aaa ea a ool cae ere Biss 6 3V 
Input-diode continuous forward current at (or below) 25°C free-air temperature 
(see Note 2) .......-.-.--@¥t an & ac ot .gyli an Sm «fh coibobes SoegBeigtt. &... 100 mA 
Continuous power dissipation at (or below) 25°C free-air temperature 
lMfrared-amitting diode (sae: NOte:S)\...< 2. i..555 go sue Big es acetic ae wee San gaat athe erm! s 150 mW 
Phototransistor: see NOtel4ay i219 7 os). ste. le -ezterigeln ] .diiw tunel. viteeeOl. 8... 150 mW 
Total, infrared-emitting diode plus phototransistor (see Note 5).................. 250 mW 
Storage temperature TANGO. onc ee se he we oe ee Sy tee pices Oe > SN a ae —§5°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds...............0-.0005 260°C 
NOTES: This value applies when the base-emitter diode is open-circuited. 


ule 

2. Derate linearly to 100°C free-air temperature at the rate of 1.33 mA/°C. 
3. Derate linearly to 100°C free-air temperature at the rate of 2 mW/°C. 

4. Derate linearly to 100°C free-air temperature at the rate of 2 mW/°C. 

5. Derate linearly to 100°C free-air temperature at the rate of 3.33 mW/°C. 


electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
V(BR)CBO Collector-base breakdown voltage Ic = 10 pA, le = 0, 


IR Input diode static reverse current VR =3V 
Phototransistor Vce = 0.4 V, IF = 0.8 mA, Ip = 0 
operation 


Ip = 10mA, Ig = 0 


| collector E 
Elon) Photodiode 
current : Vcp = 0.4 V, Ip = 
operation 


On-state 


Phototransistor 
al bi asta 
operation 


| collecto! 
Cloff) " | Photodiode 


current Vv = 10V, 
operation cB 


transfer ratio 
ic = 5 mA 


f = 1 MHz, See Note 6 


NOTE 6: These parameters are measured between both input-diode leads shorted together and all the phototransistor leads shorted together. 


switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
| Vee = 10V, Icon) = 2mA, RL = 1008 
Photot ti t 
t¢ Fall time is daesjckeiat suas See Test Circuit A of Figure 1 ee 


We = 10V. egg = a ET Te 
is = Photodiode operation ce ae Clon) L “Ss 
tt Fall time See Test Circuit B of Figure 1 LSS 
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TIL181 
OPTOCOUPLER 


RSS SS a a a a A ES ST SS 
PARAMETER MEASUREMENT INFORMATION 


Adjust amplitude of input pulse for: 
Ic(on) = 2 MA (Test Circuit A) or 


IC(on) = 20 vA (Test Circuit B) 
INPUT eae 
0 (See Note A) 
INPUT 
(See Note A) 
OUTPUT we ‘ 3 
(See Note B) | - "output Bs OUTPUT 
1 (See Note B) 
RL =1002 : 
1 
TEST CIRCUIT A TEST CIRCUIT B 
PHOTOTRANSISTOR OPERATION VOLTAGE WAVEFORMS PHOTODIODE OPERATION 


NOTES: A. The input waveform is supplied by a generator with the following characteristics: Zoyt = 50 2, tr < 151s, duty cycle = 1%, 
tw = 100 ps. 
B. The output waveform is monitored on an oscilloscope with the following characteristics: tr < 12 ns, Rin = 1 MQ, Cin <= 20 pF. 


FIGURE 1. SWITCHING TIMES 


WwW 


_ 

TYPICAL CHARACTERISTICS = 

COLLECTOR CURRENT COLLECTOR CURRENT o 

vs vs Tc) 

COLLECTOR-EMITTER VOLTAGE COLLECTOR-EMITTER VOLTAGE o 

600 r — 

Ip =0 ” 

Ta = 25°C = 

500 2 

a 

< <x =) 

it i 8 

# 400 : Oo 

2 2 g 

3 5 = 
= 300 S 

S 5 () 
3 3 
S 200 8 
a) & 

100 
0 


tt) 2 4 6 8 10 12 0 2 4 6 8 10 12 
VceE—Collector-Emitter Voltage—V VcE—Collector-Emitter Voltage—V 


FIGURE 2 FIGURE 3 
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TIL181 


OPTOCOUPLER 
TYPICAL CHARACTERISTICS 
PHOTOTRANSISTOR COLLECTOR CURRENT RELATIVE ON-STATE COLLECTOR CURRENT 
vs vs 


INPUT DIODE FORWARD CURRENT FREE-AIR TEMPERATURE 


= 25°C 


I¢—Phototransistor Collector Current-mA 


Collector Current Relative to Value at Ta 


0.01 i 
1 Os Se TE: CR 5 .10 20. 50.100 -50 —-25 0 25 50 75 100 
1f—Input-Diode Forward Current—mA Ta—Free-Air Temperature—C 
FIGURE 4 FIGURE 5 
NORMALIZED TRANSISTOR STATIC FORWARD NORMALIZED TRANSISTOR STATIC FORWARD 
CURRENT TRANSFER RATIO CURRENT TRANSFER RATIO 
vs vs 


COLLECTOR CURRENT FREE-AIR TEMPERATURE 


(S10}2]0S}) ssajdno50}dQ # 
c 


0.4 | ———L 


Normalized Static Forward Current Transfer Ratio—hFe 
Normalized Static Forward Current Transfer Ratio—hFe 


0.1 0.4 = 10 40 -50 -25 0 25 50 75 100 
I¢—Collector Current—mA Ta—Free-Air Temperature—C 
FIGURE 6 FIGURE 7 
u 
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TIL186-1, TIL186-2, TIL186-3, TIL186-4 
AC-INPUT OPTOCOUPLERS 


D2981, DECEMBER 1986—REVISED JUNE 1989 


A-C Signal Input @ Choice of Four Current Transfer Ratios 


Gallium Arsenide Dual-Diode Infrared @ High-Voltage Electrical Isolation 

Sources Coupled to a Silicon NPN 3.535 kV Peak (2.5 kV rms) 
Phovo-Trenstene @ High-Speed Switching ...t¢ = 4 us Typ 
Plastic Dual-In-Line Package 


UL-Recognized — File# E65085 


description 


The TIL186 optocoupler is designed for use in ac input signal applications that require high-voltage isolation 
between input and output. Users can select from four different current gains (TIL186-1 through TIL186-4). 
These optocouplers consist of two GaAs light-emitting input diodes connected in a reverse-parallel 
configuration for ac input applications and a silicon npn output phototransistor. 


mechanical data 


The package is mounted on a 6-pin lead frame encapsulated within an electrically nonconductive plastic 
compound. The case will withstand soldering temperature with no deformation. Device performance 
characteristics will remain stable when operated in high-humidity conditions. Unit weight is approximately 


0.52 grams. 
9.40 (0.370) 
8,38 (0.330) 
Towa! ©® 


INDEX DOT 
7.62 (0.300) T.P. (See Note B) 
(See Note A) 


6.61 (0.260) 
6.09 (0.240) (0) (6) ® (See Note C) 


1,78 (0.070) MAX 
6 PLACES 


W 


— SEATING PLANE 


0,305 (0.012) 
0,203 (0.008) 


rae 2.29 (0.090) 
ay 3.810.150) 7370 0501 


337 10-125) 1,27 (0.050) 
4 PLACES 0.534 (0.021) 
0.381 (0.015) 
2.54 (0.100) T.P. 6 PLACES 
(See Note A) 


Optocouplers (Isolators) 


NOTES: A. Leads are within 0,13 mm (0.005 inch) radius of true position (T.P.) with maximum material 
condition and unit installed. 
B. Pin 1 identified by index dot. 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


Copyright © 1989, Texas Instruments Incorporated 


PRODUCTION DATA documents contain information 

current as of publication date. Products conform to 

specifications per the terms of Texas Instruments TEXAS 

standard warranty. Production processing does not 3-179 
necessarily include testing of all parameters. INSTRUM ENTS 
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TIL186-1, TIL186-2, TIL186-3, TIL186-4 
AC-INPUT OPTOCOUPLERS 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Input-tOsGMOUt MONARG rte i caak cies aeslth <q ac + sn os ee +3.535 kV peak (+2.5 kV rms) 
Collector-aee: VONGSD x0. 45-4 SS a os ob is ES ss FE eee gee bate’ acer sian 100 V 
Collector-emitter: voitage 'isee Note: 1) «0... 66 sca sk ad a See is sos cote gegen eget 55 V 

7V 


Eeviar-cenctar Bie. er oe a kee pd a a TS oon bie Riples poke eee se es 


Cine OR WIRIOOD 5.5 sic se hide st Oe 4 PASS SHOWS OK ean bs ST Ree wee eee Siete ale 7V 
Input-diode continuous forward current at (or below) 25°C free-air temperature 
Pha PRE ER ia oes a see c 5 ee RR ee dy on ape a tseet Bie le eee a RIES 58 100 mA 
Continuous power dissipation at (or below) 25°C free-air temperature: 
Infrared-mrvittting diode taae@ Mote SB) nnn ie ionic wa eee ek ot ee se SR ere 150 mW 
ee SE OME ET SS i» i RP = PE a aE Pa RR IE nt Ae a 150 mW 
Infrared-emitting diode plus phototransistor (see Note 4)...............-00-00-5 250 mW 
SEUPITUREDO: CPURIEIINCLI, T neki sao wi tta ie ceeees: oi Bie ale an oni iad —55°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds................+2-005 260°C 


1. This value applies when the base-emitter diode is open circuited. 

2. Derate linearly to 100°C free-air temperature at the rate of 1.33 mA/°C. 
3. Derate linearly to 100°C free-air temperature at the rate of 2 mW/°C. 

4. Derate linearly to 100°C free-air temperature at the rate of 3.33 mW/°C. 


NOTES: 


(S40}e]Os}) Susjdnos0jdg He) 
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TIL186-1, TIL186-2, TIL186-3, TIL186-4 
AC-INPUT OPTOCOUPLERS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
V(BR)CBO Collector-base breakdown voltage Ic = 10 pA, Ig = 0, ip = 0 Ii a ie ay 


V(BR)CEO Collector-emitter breakdown voltage 
V(BR)EBO Emitter-base breakdown voltage 


Ip = 0 


Ic = 1 mA, Ip = 0, 


V(BR)ECO Emitter-collector breakdown voltage 


On-state 


t collector Phototransistor operation 


| 
elon) current 


=i 

4 Vv 
Li ao 
jTuig6-2 [| 02 | 
[muig6-3 [| 05 
meee [Pe ve 
VELA i? See 


a 
i ae 


= 10 mA, 


Photodiode operation 


a a a 
2 200 nA 
100 550 


tThese parameters apply for either direction of the input current. 
NOTES: 5. These parameters are measured between both input-diode leads shorted together and all the phototransistor leads shorted 
together. 
6. The higher of the two Ic(on) values generated by the two diodes is taken as IC(on)1- 


switching characteristics at 25°C free-air temperature 


PARAMETER 


TEST CONDITIONS 


10 V, Icion) = 2 mA, RL = 1002, See Figure 1 


VEC = 


MIN TYP MAX | UNIT 
4 10 us 
[Te 14 1 10 |e 2 


tf Fall time 


TEXAS % 


INSTRUMENTS 
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ICloff Off-state collector current Ip = 20 mA, Ip = 0 
Transistor static forward current 

h Vce = 5'V, Ic = 10 mA, IF = 

ne transfer ratio 3 ; 

Vet Input diode static forward voltage Ip = 10 mA 1.16 1.5 ea 3 
Vceisat) ' Collector-emitter saturation voltage = 10 mA, lp ce PRC 
10 Input-to-output internal resistance Vin-out = +500 V, See Note 5 aaa ie ee 
Cio Input-to-output capacitance Vin-out = 0, = 1MHz, See Note 5 |= Sa aE 
! On-state collector current 

Clon) poe eet Vce = 10V, Ip = 10 mA, Ig = 0 1 3 

IC(on)2 symmetry ratio (see Note 6) 


Optocouplers (Isolators) 
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(S410}B]OS]) S4aj]dnos0jido 5 


PARAMETER MEASUREMENT INFORMATION 


Adjust amplitude of input pulse is for IC(9n) = 2 MA 


INPUT 
r oy ee ee Oe 
47 2 iwput 


(See Note A) 
pe dee B) ” ™ - 
RL = 100 2 1 
OUTPUT 
= i?) 
TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: A. The input waveform is supplied by a generator with the following characteristics: Z, = 50, tp = =<15ns, duty cycle = 1%. 
B. The output waveform is monitored on an oscilloscope with the following characteristics: tr < 12 ns, R} = 1 MQ, Cj < 20 pF. 


FIGURE 1. SWITCHING TIMES 


TYPICAL CHARACTERISTICS 


INPUT CURRENT COLLECTOR CURRENT 
vs vs 
INPUT VOLTAGE COLLECTOR-EMITTER VOLTAGE 
100 T T 8 T 
Ta = 25°C Ip = 0 
80 sy Eee eS wi ie 
60 < 
t 40 a 
= 20 5 
2 3 
= oO 
e—° 5 
S20 8 
£ x 
t= 460 °o 
& | 
oO 
-—60 = 
| [ 
- 100 0 
-1.6-1.2-0.8-04 0 04 O8 1.2 1.6 0 2 4 6 8 10 12 
VF—Input Voltage—V Vce—Emitter-Collector Voltage—V 
FIGURE 2 FIGURE 3 
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TIL186-1, TIL186-2, TIL186-3, TIL186-4 
AC-INPUT OPTOCOUPLERS 


Normalized Collector Current—Ic(on) 


TYPICAL CHARACTERISTICS 


NORMALIZED ON-STATE COLLECTOR CURRENT RELATIVE ON-STATE COLLECTOR CURRENT 
vs vs 
INPUT DIODE FORWARD CURRENT ‘5 FREE-AIR TEMPERATURE 
= ° 1.6 r + T T — 
nN Vce = 10 V 
i} Ip = 0 
1.4 
e 
3S 
$12 eee =| Se 
im IF = 2mA 
F} 
ee | 
3 Ip = 10 mA 
= 0.8 
c 
2 
3 
0.6 
S 
: 3 
5 0.4 
sini § -50 -25 0 25 50 75 100 
If—Input Current—mA Ta—Free-Air Temperature — °C 
FIGURE 4 FIGURE 5 
NORMALIZED TRANSISTOR STATIC FORWARD NORMALIZED TRANSISTOR STATIC FORWARD 
CURRENT TRANSFER RATIO CURRENT TRANSFER RATIO 
vs vs 


COLLECTOR CURRENT FREE-AIR TEMPERATURE 


Optocouplers (Isolators) 


w w 
we uw 
i 7 1.6 
‘2 g VcE=5V 
« ea Ic = 10 mA 
3 5B 4 Tip=0 
Fs ec 
s & 
FE e 
e = 
s é 
6 3 | 
2 2 
5 5 
uw au 
2 2 
3 3s 
a a 
z E 
E 0 E 0.4 al 
3 0.1 0.4 1 4 10 40 3 -50 —-25 0 25 50 75 100 
I¢—Collector Current—mA Ta—Free-Air Temperature—C 
FIGURE 6 FIGURE 7 
i we 
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TIL187-1 THRU TIL187-4 
TIL188-1 THRU TIL188-4 
AC-INPUT OPTOCOUPLERS/OPTOISOLATORS 


D2980, JANUARY 1987—REVISED JULY 1989 


AC Signal Input @ High Current Transfer Ratio, 500% Minimum 
at IF = 10 mA, Up to 1500% Minimum at IF 


Gallium Arsenide Dual-Diode Infrared Source = 2 mA with Four Categories 


Optically Coupled to a Silicon N-P-N 


Darlington Phototransistor @ High V(pR)CEO. 55 V Min 
Plastic Dual-In-Line Package @ UL Recognized — File #E65085 
High-Voltage Electrical Isolation, 3.535 kV @ No Base Lead Connection on TIL188 for High- 
Peak (2.5 kV rms) EMI Environment 

description 


The TIL187 and TIL188 Optocouplers are designed for use in AC applications that require very high current 
transfer ratio and high voltage isolation between input and output. These optocouplers consist of two GaAs 
light-emitting diodes connected in a reverse-parallel configuration and a silicon n-p-n Darlington 
phototransistor. The TIL187 has the base connected for applications where a base signal or base resistor 
is required. The TIL188 is designed with no base connected for applications where high base-noise immunity 
is desired. Users can select from four different current gains (TIL187-1 through TIL187-4 and TIL188-1 
through TIL188-4). 


Ww 


mechanical data 


9,40 (0.370) 
8,38 (0.330) 


q INDEX DOT 


7,62 (0.300) T.P. (See Note B) 
(See Note A) 


6.61 (0.260) 
6,09 (0.240) 


5,46 (0.215) 


2,92 (0.115) 1,78 (0.070) MAX 


6 PLACES 


— SEATING PLANE 


0,305 (0.012) 
0,203 (0.008) 


Optocouplers (Isolators) 


2.29 (0.090 
3.81 (0.150) 737 10-050) 
3.1710.125) 4 paces 0,534 (0.021) 


0,387 (0.015) 
2,54 (0.100) T.P. 6 PLACES 
(See Note A) 


NOTES: A. Leads are within 0,13 mm (0.005 inch) radius of true position (T.P.) with maximum material 
condition and unit installed. 
. Pin 1 identified by index dot. 
. Terminal connections: 
. Input 
. Input 
. No internal connection 
. Emitter 
. Collector Phototransistor 
. TIL187: Base 
TIL188: No internal connection TIL187 TIL188 


FALLS WITHIN JEDEC MO-001AM DIMENSIONS 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


i Infrared-emitting diode 


PRODUCTION DATA documents contain information A Copyright © 1989, Texas Instruments Incorporated 
current as of publication date. Products conform to u 

Seeciications per Gas tome of Texas cestraments TEXAS 3-185 
standard warranty. Production processing does not bs 
necessarily include testing of ai aa INSTRUM ENTS 
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TIL187-1 THRU TIL187-4 
TIL188-1 THRU TIL188-4 
AC-INPUT OPTOCOUPLERS/OPTOISOLATORS 


RP es aS a a a eT hw A i aS SN Re er ee st Se ee 
absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


INpUt-tO-OUTPUT MOMRGS cose pui ny sha sieett yas os sos se Oe +3.535 kV peak or dc (+2.5 kV rms) 
Collector-base vaitage: (TIEVST): ..< 54-34 5 octhy-d o's Delete cee Cee: eee ee eg ene 100 V 
Collector-emittef*voltage’(see-NGOte TPH: . Oo vee ea ca ae ee ees eens bee 55 Vi 
Emitter-CONSGtOE MOIADD pecs rcoscudt> i> Ges aes alee os mes +> eens belie olen gld > 7V 
Emitter Duss Verma UG Ret). «4 arse we 8 Qe tae a ee stele ks See DERE ep eee HS ak 14V 
Input diode continuous forward current at (or below) 

25°C free-air teinperstito Was NOTH): nicest ss srpigs © Saisie anh ene ie eee 100 mA 
Continuous power dissipation at (or below) 25°C free-air temperature: 

Infrared-emitiinig diode: (see Note S)s 7... Fics ea lgntern at ocean wo bie ne ee oe eae 150 mW 

Phototransistar, ee NOtG 3)" <5 foe ci crcis spxicete eee coated me see ace: 4 bo, oahu PPE & SR 8S. 150 mW 

Total, infrared-emitting diode plus phototransistor (see Note 4) .................. 250 mW 
Storage’ feriperature ranige’ F20!") Peer 2S Se PPR ESS PEON! SRe ae a —55°C to 150°C 
Lead temperature 1,6 mm (1/16-inch) from case for 10 seconds...................00-. 260°C 

NOTES: This value applies when the base-emitter diode is open circuited. 


HP 

2. Derate linearly to 100°C free-air temperature at the rate of 1.33 mA/°C. 
3. Derate linearly to 100°C free-air temperature at the rate of 2 mW/°C. 

4. Derate linearly to 100°C free-air temperature at the rate of 3.33 mW/°C. 
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TIL187-1 THRU TIL187-4 
TIL188-1 THRU TIL188-4 
AC-INPUT OPTOCOUPLERS/OPTOISOLATORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


v Collector-base Ic = 10 pA, Ie = 0, 
(BRICBO breakdown voltage Ip = 0 
Collector-emitter 


TiIL188 
MIN TYP MAX 


Vv 

(BRICEO breakdown voltage 

v Emitter-base 

(BR)EBO breakdown voltage 

Emitter-collector 

Vv le = 10 pA, Ip = O 

(BR)ECO breakdown voltage E e F 
TIL187-1, TIL188-1 


TIL187-2, TIL188-2 
TIL187-3, TIL188-3 


TIL187-4, TIL188-4 


current 


Vc—E = 1V, Ip = 10 mA, 


'B 
. Ve 
Photodiode operation \ 
E 
Ve 


W 


1V, Ip = 10 mA, 
1 


Off-state 

collector current 
Transistor static 
hee forward current 


IC(off) 


transfer ratio 


> 5 


a 
a 
np 
os 
a 


Vv Collector-emitter 
CElsat) saturation voltage Ip = 0 


Input-to-output Vin-out = +500 V, 
r 
10 internal resistance See Note 5 

Input-to-output Vin-out = 0, f = 1 mHz, 

Cio . 1 1.3 
capacitance See Note 5 

| On-state collector current 

'C(on)1 : VceE=1V. Ip = 2mA 

IC(on)2 symmetry ratio (see Note 6) 

tThese parameters apply for either direction of the input current. 

NOTES: 5. These parameters are measured between both input-diode leads shorted together and all the phototransistor leads shorted 


together. 
6. The higher of the two Ic(on) values generated by the two diodes is taken as IC(on)1- 


° 
@ 
N 
=f 
° 
a 
N 
= 


Optocouplers (Isolators) 


switching characteristics at 25°C free-air temperature 


a tC ee TIL188 
PARAMETER TEST CONDITIONS 
[ rarameren | resrconommons =| MIN TYP MAX | MIN TYP MAX 


Vee =10V, Icjon = 10mA, | —10——S 
ty Fall time Ru = 1009, see Figure 1 00a 


100 


wy 
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TIL187-1 THRU TIL187-4 
TIL188-1 THRU TIL188-4 
AC-INPUT OPTOCOUPLERS/OPTOISOLATORS 


PARAMETER MEASUREMENT INFORMATION 


Adjust amplitude of input pulse is for Icon) = 10 mA 


INPUT 


eet = i 
| 
| 
| 
I 
| 
| 
| 
| 


| 
OUTPUT 


t) 
TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: A. The input waveform is supplied by a generator with the following characteristics: Zp = 502, t; = < 15 ns, duty cycle = 1%. 
B. The output waveform is monitored on an oscilloscope with the following characteristics: ty < 12ns,Ry1 = 1M, Cj, < 20 pF. 


FIGURE 1. SWITCHING TIMES 


TYPICAL CHARACTERISTICS 


INPUT CURRENT 
vs 
INPUT VOLTAGE 


COLLECTOR CURRENT 
vs 
COLLECTOR-EMITTER VOLTAGE 


120 | Dissipation 
See Note 7 


Ip—Input Current—mA 
° 
I¢—Collector Current—mA 
s 
° 
3° 


I | ! | 
oOo £ N 
© oF 62 9 


Ip = 0 
20) tT, = 25°C 
-— 100 1 1?) 
-1.6-1.2-08-04 0 04 08 1.2 1.6 (0) 0.5 1.0 1.5 2.0 2.5 
V—Input Voltage—V Vce—Collector-Emitter Voltage—V 
FIGURE 2 FIGURE 3 


Note 7: Pulse operation is required for operation beyond limits shown by the dashed line. 
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TIL187-1 THRU TIL187-4 
TIL188-1 THRU TIL188-4 
AC-INPUT OPTOCOUPLERS/OPTOISOLATORS 


COLLECTOR CURRENT 
vs 
INPUT DIODE FORWARD CURRENT 


I¢—Collector Current—mA 


fon} Oa) 4 4 10 40 100 


Ip—Forward Current—mA 
FIGURE 4 
TIL187 


NORMALIZED TRANSISTOR STATIC 

FORWARD CURRENT TRANSFER RATIO 

vs 
COLLECTOR CURRENT 

Veen iv = Ga 

1.8} lp = 0 

Normalized to I¢ = 10 mA 

See Note 8 


2.0, 


1.65 


1.4 


12 
1.0 


0.8 


0.6 + 


0:1 O04 1 4 10 40 100 400 1000 
I¢—Collector Current—mA 


FIGURE 6 


Normalized Static Forward Current Transfer Ratio—hrfe 


NOTE 8: These parameters were measured using pulse techniques ty 


NORMALIZED ON-STATE COLLECTOR CURRENT 


vs 
FREE-AIR TEMPERATURE 


"2 (ee Shab 


0.8 


° 
a 


ip = 0 Ip = 10 mA 


° 
b 


9° 
iy 


Normalized Collector Current—IC(on) 


-50 -25 10) 26 50 75 
Ta—Free-Air Temperature — °C 


FIGURE 5 


TIL187 
NORMALIZED TRANSISTOR STATIC 
FORWARD CURRENT TRANSFER RATIO 


a 


100 


Optocouplers (Isolators) 


vs 
a FREE-AIR TEMPERATURE 
| 20 T a 
Hi igus 10 mal 
2 1.8--VcE = 1V ai 
. Ip = 0 
Po 1G: 
a 
s at 
£ 1.4 
6 1.2 4 
5 
oO 1.0 
Tat 
: 0.8 
S 
50.6 
z 
£04 
a 
3 0.2 
2 
zo 
a 60 =—25 0 25 50 7s 100 
2 
Ta—Free-Air Temperature — °C 
FIGURE 7 

= 1ms, duty cycle < 2%. 
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TIL187-1 THRU TIL187-4 
TIL188-1 THRU TIL188-4 
AC-INPUT OPTOCOUPLERS/OPTOISOLATORS 


TIL187 
NORMALIZED ON-STATE COLLECTOR CURRENT NORMALIZED COLLECTOR-EMITTER 
(PHOTODIODE OPERATION) BREAKDOWN VOLTAGE 


vs 
FREE-AIR TEMPERATURE 


vs 
FREE-AIR TEMPERATURE 


= 
o 


= 
Pp 


~ 
N 


oa 
°o 


° 
r) 


Normalized Collector Current—IC(on) 
bd 
) 


Normalized Collector-Emitter Breakdown Voltage —V(BR)CEO 


Ta—Free-Air Temperature — °C Ta—Free-Air Temperature — °C 


FIGURE 8 FIGURE 9 


OFF-STATE COLLECTOR CURRENT 
vs 
FREE-AIR TEMPERATURE 


(Sio}ejOs]) SAajdno201dQ He) 


IC(off)— Off-State Collector Current—pA 


Ta—Free-Air Temperature— °C 
FIGURE 10 
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3-190 


@ High Direct-Current Transfer Ratios, 500% 8 
Minimum at IF = 10 mA and Up to 1500% 
at IF = 2 mA with Choice of Four 


Categories 


Plastic Dual-In-Line Package 


High-Voltage Electrical Isolation, 3.535 kV eS 


Peak (2.5 kV rms) 
description 


@ No Base Lea 


TIL189-1 THRU TIL189-4 
TIL190-1 THRU TIL190-4 
OPTOCOUPLERS/OPTOISOLATORS 


D2987, JANUARY 1987—REVISED JULY 1989 


Gallium Arsenide Diode Infrared Source 
Optically Coupled to a Silicon N-P-N Darlington 
Phototransistor 


id Connection on TIL190 for High- 


EMI Environment 


UL Recogniz 


ed — File #E65085 


The TIL189 and TIL190 Optocouplers are designed for use in applications that require high current transfer 
ratio and high voltage isolation between the input and output. The TIL189 has the base connected for 
applications where a base signal or resistor is required. The TIL190 is designed with no internal base 
connection for applications where high base-noise immunity is desired. Users can select from four different 
current gains (TIL189-1 through TIL189-4 and TIL190-1 through TIL190-4). 


mechanical data 


& 
7,62 (0.300) T.P. 
(See Note A) 


6,61 (0.260) 
6.09 (0.240) 


— SEATING PLANE 


0.305 (0.012) 
0,203 (0.008) 


7 


3, 


INDEX DOT 
(See Note B) 


® ® @ ‘see note c) 


1,78 (0.070) MAX 
6 PLACES 


| Ie-1.01 101 (0.040; 


3,81 (0.150) 
17 (0.125) 


2.29 (0.090) 
1,27 (0.050) 
4 PLACES 0.534 (0.021) 
0,387 (0.015) 
2,54 (0.100) T.P. 6 PLACES 


(See Note A) 


Ww 


) 


Optocouplers (Isolators) 


NOTES: A. Leads are within 0,13 mm (0.005 inch) radius of true position (T.P.) with maximum material 


condition and unit installed. 
. Pin 1 identified by index dot. 
. Terminal connections: 

1. Anode 

2. Cathode i 

. No internal connection 

. Emitter 

. Collector 

. TIL189: Base 


TIL190: No internal connection 


Infrared-emitting diode 


Phototransistor 


TIL189 


TIL190 


FALLS WITHIN JEDEC MO-001AM DIMENSIONS 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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eS ee ee ee es ee ee eee 
absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


lnput-to-outpul VOHEOD . . -cemliexacea tt: <« =< sees es a +3.535 kV peak or dc (+2.5 kV rms) 
Collector-base voltages (TILTSS) . «.. oc. 5 cocscne pa ewes le Bes cle ae Hes ss, SePSOre 100 V 
NS ONOCUON CINIGTOL WOLUEEIO TOC TORE TY ee 5. oie eis 5oe ce 6 ead 6 hehe (aoe Oa mum oe adie ae 361 0 55 V 
Briitter- collector see Pree ss ke et aes GW RR 6 el ls oe SIO eee eee re aie 7V 
Emitter-basa:;voltage (TIL 189), 2. 02 4s. gy sss. . Ya BERS. ganhaienet banewets amasio yy «dnl 14V 
INPUT ida: TOVEFER VONAGE «5. cee ik ce os siete wise wns ees oe es < CE RLS onli he 3V 
Input diode continuous forward current at (or below) 

26°C free-air temperature (see Note 2) «1.5.5 65 ces ie deen veers vewek ewww eaee 100 mA 
Continuous power dissipation at (or below) 25°C free-air temperature: 

infrared;emitting dlede {see..Note 3)... sssy2--rawis 64): Setback reel onl weeeies salyt ees 150 mW 

Phototranaistor: (see INates3): ir ccc. -tesiesciay ab acheter to tend aeeed Boaeue Stas: 150 mW 

Total, infrared-emitting diode plus phototransistor (see Note 4) .................4- 250 mW 
Storage temperature: TANGO: 1. 52% -c4ayeses/ier > f. SES ET bye de 8 oT ep sce ¢ EER —55°C to 150°C 
Lead temperature 1,6 mm (1/16-inch) from case for 10 seconds...................4-. 260°C 

NOTES: This value applies when the base-emitter diode is open circuited. 


as 

2. Derate linearly to 100°C free-air temperature at the rate of 1.33 mA/°C 
3. Derate linearly to 100°C free-air temperature at the rate of 2 mW/°C. 

4. Derate linearly to 100°C free-air temperature at the rate of 3.33 mW/°C. 
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TIL189-1 THRU TIL189-4 
TIL190-1 THRU TIL190-4 
OPTOCOUPLERS/OPTOISOLATORS 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 

v Collector-base Ic = 10 pA, Ie = 0, 

(BR)CBO breakdown voltage Ip = 0 
v Collector-emitter Ic = 1mA, Ig = 0, 

(BRICEO breakdown voltage Ip =O 
Vv Emitter-base le = 10ynA, Ic = 0, 

(BR)EBO breakdown voltage Ip = 0 

Emitter-collector 

Vv Ie = 100 pA, Ip = O 

(BRIECO breakdown voltage ee ee 


TIL190 
MIN TYP MAX 


UNIT 


reverse current 
TIL189-1, TIL190-1 


On-state transistor! 


IC(on) collector] operation 
current 


W 


Photodiode operation 


Off-state 
collector current 


ICloff) 


Transistor static 


hee forward current 


transfer ratio 
forward voltage 
Collector-emitter I¢ = 50 mA, If = 10 mA, 
VCE(sat) saturation voltage Ip =0 
[Emmerson Ps aa 
internal resistance See Note 5 
wa capacitance See Note 5 


NOTE 5: These parameters are measured between both input-diode leads shorted together and all the phototransistor leads shorted together. 


Optocouplers (Isolators) 


switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS mane? e190 INIT 
MIN TYP MAX | MIN TYP MAX 


Le 


Vee=10V, Teton = 10mA,[__t00—S«d|—St00SC«d 
RL = 1009, see Figure 1 ee 2 es oe 
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3-193 


TIL189-1 THRU TIL189-4 
TIL190-1 THRU TIL190-4 
OPTOCOUPLERS/OPTOISOLATORS 


PARAMETER MEASUREMENT INFORMATION 


Adjust amplitude of input pulse for 
'cfon) = 10 mA 


| 
a a INPUT INPUT 


OUTPUT 


ath eee RL = 100 2 


TEST CIRCUIT im. VOLTAGE WAVEFORMS 


NOTES: A. The input waveform is supplied by a generator with the following characteristics: Zg = 502, t; = <= 151s, duty cycle = 1%. 
B. The output waveform is monitored on an oscilloscope with the following characteristics: ty < 12ns,R1 = 1 MQ, Cjn < 20 pF. 


FIGURE 1. SWITCHING TIMES 


TYPICAL CHARACTERISTICS 


(S40}e]OS]) SAaj]dnos0}dQ He) 


FORWARD CURRENT COLLECTOR CURRENT 
vs vs 
FORWARD VOLTAGE COLLECTOR-EMITTER VOLTAGE 
160 200 
140 180 
160 
¢ 120 t 
| | 140 
= 100 5 
Four ol calcshcaah co EL faerarl rigg : 
© 80 3 100 A Power Dissi 
} as ie 
s ° 
E 60 a 80 
JSeigaE. 
u 40 o 
. He fa, 
ge 
(0) a (0) 
0 0.2 0.40.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 te) 0.5 1.0 1.5 2.0 2.5 
Ve—Forward Voltage—V VceE—Collector-Emitter Voltage—V 
FIGURE 2 FIGURE 3 


NOTE 6: Pulse operation is required for operation beyond limits shown by the dashed line. 
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TIL189-1 THRU TIL189-4 
TIL190-1 THRU TIL190-4 
OPTOCOUPLERS/OPTOISOLATORS 


TYPICAL CHARACTERISTICS 


RELATIVE ON-STATE COLLECTOR CURRENT 
vs 
FREE-AIR TEMPERATURE 


COLLECTOR CURRENT 
vs 
INPUT DIODE FORWARD CURRENT 


100 | See Note 7 


I¢—Collector Current—mA 


0.1 04 #41 4 10 40 100 


Ip—Forward Current—mA 


FIGURE 4 


TIL189 
NORMALIZED TRANSISTOR STATIC 
FORWARD CURRENT TRANSFER RATIO 
vs 


£ COLLECTOR CURRENT 

| Me. HI 
21.8; lf = 0 

5 Normalized to lc = 10 mA Hill Hill 
aii Hn 
s 

ae wT TT 

5 1.2 

5 

01.0 

= 

os 

3 0.8 

5 

“ 0.6 

= 

8 

BA 0.4 

8 0.2 

zo 

8 0.1 0.4 1 4 10 40 100 400 1000 


Ic —Collector Current—mA 


FIGURE 6 


NOTE 7: These parameters were measured using pulse techniques tw 


o 9 


Collector Current Relative to Value at Ta = 25°C 
° 


= 


= 


Normalized Static Forward Current Transfer Ratio— hfe 


Ta—Free-Air Temperature— °C 
FIGURE 5 


TIL189 
NORMALIZED TRANSISTOR STATIC 
FORWARD CURRENT TRANSFER RATIO 
vs 
FREE-AIR TEMPERATURE 


Optocouplers (Isolators) 


Ta—Free-Air Temperature — °C 
FIGURE 7 


1 ms, duty cycle < 2%. 


we 
TEXAS 
INSTRUMENTS #195 


POST OFFICE BOX 655303 - DALLAS, TEXAS 75265 


TIL189-1 THRU TIL189-4 
TIL190-1 THRU TIL190-4 
OPTOCOUPLERS/OPTOISOLATORS 


TYPICAL CHARACTERISTICS 


TIL189 
RELATIVE ON-STATE COLLECTOR CURRENT RELATIVE COLLECTOR-EMITTER 
(PHOTODIODE OPERATION) BREAKDOWN VOLTAGE 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


= 
wail 


uy’ 4 


~ 
°o 


1.0 


° 
© 


0.8 


Normalized Collector Current 


Normalized Collector-Emitter Breakdown Voltage 


Veg = 1V | 
0.6 rte = 10mA 0.8 
Ip = 0 
0.4 | 0.7 
—50N 25° 10 25 560 75 100 60) ~26 t) 25 50 175 100 


Ta —Free-Air Temperature— °C Ta—Free-Air Temperature— °C 


FIGURE 8 FIGURE 9 


OFF-STATE COLLECTOR CURRENT 
vs 
FREE-AIR TEMPERATURE 


(s40}ejOs]) Ss4ajdnos0}dQ Fe) 


IC(off) — Off-State Collector Current—pA 


f0) 25 50 75 100 
Ta—Free-Air Temperature — °C 


FIGURE 10 
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TIL191, TIL192, TIL193, TIL191A, TIL192A, TIL193A 
TIL191B, TIL192B, TIL193B 
OPTOCOUPLERS 


D3263, APRIL 1989—REVISED SEPTEMBER 1989 


Gallium Arsenide Diode Infrared Source @ High-Voltage Electrical Isolation 3.535 kV 


@ Source Is Optically Coupled to Silicon N-P-N Pak: (2.6 ‘RY rena) 
Phototransistor @ Plastic Dual-In-Line Packages 


Choice of One, Two, or Four Channels @ UL Listed — File #E65085 


@ Choice of Three Current-Transfer Ratios 


description 


These optocouplers consist of a gallium-arsenide light-emitting diode and a silicon n-p-n phototransistor 
per channel. The TIL191 has one channel in a 4-pin package, the TIL192 has two channels in an 8-pin 
package, and the TIL193 has four channels in a 16-pin package. The standard devices, TIL191, TIL192, 
and TIL193, are tested for a current-transfer ratio of 20% minimum. Devices selected for a current-transfer 
ratio of 50% and 100% minimum are designated with the suffix A and B respectively. 


mechanical data 


4,80 (0.189) 
4,19 (0.165) 


3 


10.2 (0.401) 
9.2 (0.362) 


21.1 (0.831) 
18,5 (0.728) 
q 


7.62 (0.300) T.P. 
(see Note A) 


6.76 (0.266) 
6,25 (0.246) 


Optocouplers (Isolators) 


3.81 (0.150) 


3,30 (0.130) “F051 (0.125) 
5,84 (0.230) MAX rian 
SEATING PLANE 
1,27 (0.050) 
1,12 (0.044) 


3,81 (0.150) —+| KH 0.58 (0.023) 


0.43 (0.017) 
2,54 (0.100) 
ae 79 (0.110) 
2,29 (0.090) 


NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES. 


PRODUCTION DATA documents contain information A Copyright © 1989, Texas Instruments Incorporated 
current as of publication date. Products conform to U 
specifications per the terms of Texas Instruments 
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TIL191, TIL192, TIL193, TIL191A, TIL192A, TIL193A 
TIL191B, TIL192B, TIL193B 
OPTOCOUPLERS 


schematic diagrams 
TIL191 TIL192 


TIL193 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


e) 


Input-to-output voltage (see Note 1) ...............0-55 +3.535 kV 


Collector-emitter voltage (see Note 2) 2.2.00. css ec dec cw ees ews 
EiViteeeCEO (WHIM: Sol ae eas eon Sbere pees Ae Deg ORS 


NOTES: 


(S10}e]OS]) s1aj]dno90}dO 


input die@eyreverse voltage... 6... 6. eee eee PD ee eee Da 
Input diode continuous forward current at (or below) 25°C free-air temperature 


Cee WIE Bh ke ge Sle a ha 8 ch re ae wa ee ase Wig DURE Oe ene WS 


Continuous power dissipation at (or below) 25°C free-air temperature: 


Photoduemeistor (see Note 4)..... 5... 5: eae. SI. wo 
Input diode plus phototransistor per channel (see Note 5) ............ 


Storage temperature range 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds........ 


1. 


me oN 


This rating applies for sine-wave operation at 50 or 60 Hz. Service capability is verified 
requirements. 

This value applies when the base-emitter diode is open circuited. 

Derate linearly to 100°C free-air temperature at the rate of 0.67 mA/°C. 

Derate linearly to 100°C free-air temperature at the rate of 2 mW/°C. 

Derate linearly to 100°C free-air temperature at the rate of 2.67 mW/°C. 


peak or dc (+2.5 kV rms) 
fia > ROLE we eee 35)V. 


RIP ste See al fos 260°C 


by testing in accordance with UL 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS 


V(BR)CEO _Collector-emitter breakdown voltage c=0.5mA Ip =0 
=0 


IR 


ICloff, 


Ic = 0. 

Ic = 
Input diode static reverse current 
Off-state collector current 


Current TIL191, TIL192, TIL193 


transfer TIL191A, TIL192A, TIL193A 


F 
V(iBR)ECO __Emitter-collector breakdown voltage 100 pA, Ip 
| 


ratio TIL191B, TIL192B, TIL193B 


VCE(sat Collector-emitter saturation voltage 


Vv Input diode static forward voltage 
S 


F 
Vin- =0 
; Input-to-output capacitance (ment 4 

f = 1 Mbz, See Note 6 


fio 


Vin-out = +1 kV, 


Input-to-output internal resistance 
See Note 6 


5 
7 


NOTE 6: These parameters are measured between all input-diode leads shorted together and all phototransistor leads shorted together. 
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TIL191, TIL192, TIL193, TIL191A, TIL192A, TIL193A 
TIL191B, TIL192B, TIL193B 
OPTOCOUPLERS 


switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


Vv =5V, 
tr Rise time ce 
IC (on) = 2 mA, 


RL = 1009, 


Fall ti 
uy ae, See Figure 1 


PARAMETER MEASUREMENT INFORMATION 


INPUT 
one INPUT 
(See Note A) t) 
OUTPUT 
+ (See Note B) 
RL = 1009 


TEST CIRCUIT 


Ww 


Adjust amplitude of input 
pulse for Ic(on) = 2 mA 


VOLTAGE WAVEFORMS 


NOTES: A. The input waveform is supplied by a generator with the following characteristics: ZouT = 50 9,t, < 15 ns, tw = 100 us, 
duty cycle = 1%. 
B. The output waveform is monitored on an oscilloscope with the following characteristics: tr < 12 ns, Rin = 1 MQ, Cin < 20 pF. 


FIGURE 1. SWITCHING TIMES 


Optocouplers (Isolators) 
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TIL191, TIL192, TIL193, TIL191A, TIL192A, TIL193A 
TIL191B, TIL192B, TIL193B 


OPTOCOUPLERS 
TYPICAL CHARACTERISTICS 
TIL191, TIL192, TIL193 
FORWARD CURRENT COLLECTOR CURRENT 
vs vs 
FORWARD VOLTAGE COLLECTOR-EMITTER VOLTAGE 

< 

E t 

| | 

5 5 

(5) Oo 

no] - 

= ° 

£ 8 

: ; 

oO ie) 
co] 0 0.2 0.40.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
o> 
9 Vp—Forward Voltage—V VceE—Collector-Emitter Voltage—V 
ro} FIGURE 2 FIGURE 3 
= 
= NORMALIZED ON-STATE COLLECTOR CURRENT RELATIVE ON-STATE COLLECTOR CURRENT 
= vs vs 
“” INPUT DIODE FORWARD CURRENT FREE-AIR TEMPERATURE 
= ; 
° 
> Normalized to IF = 5 mA 
o Ta = 25°C 
fe) 
= 
& 


IC(on)—Normalized Collector Current 


Collector Current Relative to Value at Ta = 25°C 


0.001 
0.1 0.4 #1 4 10 40 100 
Ip—Input Current—mA Ta—Free-Air Temperature — °C 
FIGURE 4 FIGURE 5 
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TIL191, TIL192, TIL193, TIL191A, TIL192A, TIL193A 
TIL191B, TIL192B, TIL193B 
OPTOCOUPLERS 


TYPICAL CHARACTERISTICS 


TYPICAL COLLECTOR-EMITTER 
SATURATION VOLTAGE 
vs 
FREE-AIR TEMPERATURE 


' 
a 
°o 

I 
N 
a 
o 


25 50 75 100 


Ta—Free-Air Temperature— °C 
FIGURE 6 


TYPICAL APPLICATION DATA 


5V Veco = 5V 


OUTPUT 


SN7404 


7 0.24 

eo 

a 

g 
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TIL191 
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FIGURE 7 
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Optocouplers (Isolators) 
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TIL194, TIL195, TIL196, TIL194A, TIL195A, TIL196A 
TIL194B, TIL195B, TIL196B 
AC-INPUT OPTOCOUPLERS 


D3287, MAY 1989—REVISED SEPTEMBER 1989 


AC Signal Input @ Choice of Three Current-Transfer Ratios 


Gallium-Arsenide Diode Infrared Source @ High-Voltage Electrical Isolation 3.535 kV 


Source Is Optically Coupled to Silicon N-P-N aah TES eee 


Phototransistor @ Plastic Dual-In-Line Packages 
@ Choice of One, Two, or Four Channels @ UL Listed — File #E65085 
description 


These optocouplers consist of two gallium-arsenide light-emitting diodes connected in a reverse-parallel 
configuration for ac-input applications and a silicon n-p-n phototransistor per channel. The TIL194 has 
one channel in a 4-pin package, the TIL195 has two channels in an 8-pin package, and the TIL196 has 
four channels in a 16-pin package. The standard devices, TIL194, TIL195, and TIL196, are tested for a 
current-transfer ratio of 20% minimum. Devices selected for a current-transfer ratio of 50% and 100% 
minimum are designated with the suffix A and B respectively. 


mechanical data 


4,80 (0.189) 
4.19 (0.165) 


Ww 


10,2 (0.401) 
9.2 (0.362) 


21,1 (0.831) 
18,5 (0.728) 
V3 


TIL196 


7,62 (0.300) T.P. 
(see Note A) 


6.76 (0.266) 
6.25 (0.246) 


Optocouplers (Isolators) 


PIN 1 


3.81 (0.150) 


3,30 (0.130) F 0.57 10.125) 
5,84 (0.230) Max MIN 
SEATING PLANE 
1.27 (0.050) 
1,12 (0.044) 


3,81 (0.150) —| — 0,58 (0.023) 
2,54 (0.100) 0,43 (0.017) 


2.79 (0.110) 
2.29 (0.090) 
NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES. 


PRODUCTION DATA documents contain information Copyright © 1989, Texas Instruments Incorporated 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments TEXAS 3-203 


standard warranty. Production processing does not 
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TIL194, TIL195, TIL196, TIL194A, TIL195A, TIL196A 
TIL194B, TIL195B, TIL196B 
AC-INPUT OPTOCOUPLERS 


schematic diagrams 


TIL194 TIL195 TIL196 
(TOP VIEW) (TOP VIEW) (TOP VIEW) 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Input-to-output voltage (see Note 1)................... +3.535 kV peak or dc (+2.5 kV rms) 
Collector-emitter voltage (see Note 2)... ecg Wer ee eee ee Re ek 35 V 
POR COREL CRN oc in as 6 he Be a ele Ap aOR S Rage Sew OME neice genes ee ms TW 
Input diode continuous forward current at (or below) 25°C free-air temperature 

RIPE GREG Scare sa! ove 3 oo eke ee LE RNS GTR ated op oe aa leg ow, rete ee gig fod +50 mA 
Continuous power dissipation at (or below) 25°C free-air temperature: 

Photctransinter Tie NOt ys ieee ein ek 9 NE ats et ae fis eB ae ek mem | APS 150 mW 

Input diode plus phototransistor per channel (see Note 5) ..................0-0 00s 200 mW 
Storage (nperatwee PENGS fc. + coe pees POUT ee ed ee ima cas ae ws me me =§5°C to 126°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds................0.0005 260°C 


NOTES: 1. This rating applies for sine-wave operation at 50 or 60 Hz. Service capability is verified by testing in accordance with UL 
requirements. 

This value applies when the base-emitter diode is open circuited. 

Derate linearly to 100°C free-air temperature at the rate of 0.67 mA/°C. 

Derate linearly to 100°C free-air temperature at the rate of 2 mW/°C. 

Derate linearly to 100°C free-air temperature at the rate of 2.67 mW/°C. 


Gp no 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


[ VipRiceo Colectoremitter breakdown voltage «dig = 0.5mA Ip=0 | 35 
Ficiott) _Of-state collector current _———SSSC~drC Ge = 24, p= | ——SS~—«OO 
Curent TIL194, TIL195, TIL196 ET a 


Vet Input diode static forward voltage Ip = 20 mA i ee Sea ee ae) 
VcE(sat)! _Collector-emitter saturation voltage Ip = 5 mA, Ic = 1mA 


Vin-out = 0, =f = 1 MHz, 
Cj Input-to-output capacitance 1 
See Note 6 
Vin-out = +1 kV, 
rj Input-to-output internal resistance 
See Note 6 


ICion)1 On-state collector current symmetry ratio 


Ic(on)2 (see Note 7) VécE=5V, Ip =5mA 


TThese parameters apply to either direction of the input current. 
NOTES 6: These parameters are measured between all input-diode leads shorted together and all phototransistor leads shorted together. 


7. The higher of the two values of Ic(9n) generated by the two diodes is taken as IC(on)1- 
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TIL194, TIL195, TIL196, TIL194A, TIL195A, TIL196A 
TIL194B, TIL195B, TIL196B 
AC-INPUT OPTOCOUPLERS 


switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS 


Rise time Vec = 5 V. Icjon) = 2 mA, 
Fall time RL = 100 Q, See Figure 1 


TThese parameters apply to either direction of the input current. 


PARAMETER MEASUREMENT INFORMATION 


Adjust amplitude of input pulse for I¢jgn) = 2 mA 


INPUT 
19) EY a PS | 
INPUT 
(See Note A) 


OUTPUT 
(See Note B) 


RL = 100 8) 


TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: A. The input waveform is supplied by a generator with the following characteristics: Zy = 50 Q, tr < 15 ns, duty cycle = 1%. 
B. The output waveform is monitored on an oscilloscope with the following characteristics: tp < 12 ns, Rj => 1 MQ, Cj < 20 pF. 


FIGURE 1. SWITCHING TIMES 


TYPICAL CHARACTERISTICS 


INPUT CURRENT 
vs 
INPUT VOLTAGE 
100 T T T 
Ta = 25°C 
] I 
[I 


80 | 
| 
| 


Ip—Input Current—mA 
° 


-60 


-80 


Tea a it 
=L6=t2—-08—64 0 Of Cs Tz 16 
VeF—Input Voltage—V 


FIGURE 2 


Ww 


Optocouplers (Isolators) 
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TIL194, TIL195, TIL196, TIL194A, TIL195A, TIL196A 


TIL194B, TIL195B, TIL196B 
AC-INPUT OPTOCOUPLERS 


TYPICAL CHARACTERISTICS 


TIL194, TIL195, TIL196 
COLLECTOR CURRENT 
vs 
COLLECTOR-EMITTER VOLTAGE 


I¢—Collector Current—mA 


sober A el ARN ote Sag Seah haat. 


VcE—Collector-Emitter Voltage—V 
FIGURE 3 


RELATIVE ON-STATE COLLECTOR CURRENT 
vs 
FREE-AIR TEMPERATURE 


(S4o}ejOS]}) Sssajdnoz0}dQ HA) 


0.4 
-50 -25 oO 25 50 78 100 


l¢—Collector Current Relative to Value at Ta = 25°C 


Ta—Free-Air Temperature— °C 
FIGURE 5 


NORMALIZED ON-STATE COLLECTOR CURRENT 
vs 


IC(on)—Normalized Collector Current 


Ip—Input Current—mA 
FIGURE 4 


TYPICAL COLLECTOR-EMITTER 
SATURATION VOLTAGE 
vs 
FREE-AIR TEMPERATURE 
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Ta—Free-Air Temperature— °C 
FIGURE 6 
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TIL3009 THRU TIL3012 
OPTOCOUPLERS/OPTOISOLATORS 


D3064, DECEMBER 1987 


@ 250-V Phototriac Driver Output @ High Isolation . . . 3535 V Peak 
@ Gallium Arsenide Diode Infrared Source and @ Output Driver Designed for 115 V AC 
Optically Coupled Silicon Triac Driver © Standard 6-Pin Plastic DIP 


(Bilateral Switch) 
@ UL Recognized .. . File Number E65085 


mechanical 


Each device consists of a gallium arsenide infrared emitting diode optically coupled to a silicon phototriac 
mounted on a 6-pin lead frame encapsulated within an electrically nonconductive plastic compound. The 
case will withstand soldering temperature with no deformation and device performance characteristics 


remain stable when operated in high-humidity conditions. 


9,40 (0.370) 
8,38 (0.330) 


.e¥) 


q INDEX DOT 


7,62 (0.300) T.P. (See Note B) 
(See Note A) 


6,61 (0.260) 
6,09 (0.240) 


1,78 (0.070) MAX 
6 PLACES 


— SEATING PLANE 
RL Bn Ad, 1,01 (0.040) 
0,305 (0.012) 4 - ik 


0,203 (0.008) 


Optocouplers (Isolators) 


2,54 (0.100) T.P. 6 PLACES 


(See Note A) 


a 2.29 (0.090) 
Sea ty 1,27 (0.050) 

POO MEDI BLACES 0,534 (0.021) 

0.381 (0.015) 


FALLS WITHIN JEDEC MO-001 AM DIMENSIONS 


NOTES: A. Leads are within 0,13 mm (0.005 inch) radius of true position (T.P.) with maximum material 
condition and unit installed 
Pin 1 identified by index dot. 


Terminal connections: 
| Infrared-emitting 


diode 


1. Anode 
2. Cathode 
3. No internal connection 
4. Main terminal 
5. Triac Substrate 

(DO NOT connect) 
6. Main terminal 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


Phototriac 


Copyright © 1985, Texas Instruments Incorporated 
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ein oe oe eal Ges iaemee Texas 
speci! 
dard Prod di 3-207 
necessary include testing sf al parsmaters. INSTRUMENTS 


POST OFFICE BOX 655303 - DALLAS, TEXAS 75265 


(ss0}ejOs}) ssajdnos0}dQg ey 


|S a aa 
absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Input-to-output peak voltage, 5 s maximum duration, 60 Hz (see Note 1) ............. 3.535 kV 
SA UgRENE CHOICES PEPIN NEE eon vs cas ase lee wit ice alae Se iene se, a ale a a oaks 3V 
Input diode forward GUMentContinugUuers. .F.. 2.6 fa sc 6 on ou ob ou oieneyege pes sips lea e 50 mA 
Output repetitive peak: off-state: voltage « «<< 05 2506 65 sie eee see ewe Senda lee ain sie wn oe 250 V 
Output on-state current, total rms value (50-60 Hz, full sine wave): 
ye Ca A ee eee ratte hyooe treatin ce. mint bal nie eee 100 mA 
Th eae Sala grata be Seika so Sars aoallgy raettes 29? pie mrs Paty Gres 6, 0h emamane eg eel io, « a 50 mA 
Output driver nonrepetitive peak on-state current 
(fine =" POL G. (Cue CVCIO = TKI, SEU CITE i a ores neta lie 2. nn ale gs Same Le eel ete icin’ 3 > 1.2A 
Continuous power dissipation at (or below) 25°C free-air temperature: 
[nifrared-emirting diode (S80) NO ZY ogo ee eta are eee rae ee ie Seana ea Cea sel 100 mW 
PROtOtIEC MBGa NONE BP can. 6s ace io ws) alas Giag APE ETE ES Oe plait os 2 VER e Eee Km ace Sis 300 mW 
Total eevicw: Fee INGER) 5, 6..5),0 5 ws 02S Blo ls, wheneiiarw ee Megs toe aes, Som Ee Rc tas 63 330 mW 
Operating junction temperature range... ........ 2.0... eee eee eee —40°C to 100°C 
Storage temperature:range FTO ST: ee RES aos we «ew atee wea eae —40°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds..................+0-. 260°C 
NOTES: Input-to-output peak voltage is the internal device dielectric breakdown rating. 


ie 

2. Derate linearly to 100°C free-air temperature at the rate of 1.33 mW/°C. 
3. Derate linearly to 100°C free-air temperature at the rate of 4 mW/°C. 

4. Derate linearly to 100°C free-air temperature at the rate of 4.4 mW/°C. 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
0.05 100 
tz 1.5 


a 
[ve Static forward voltage _—SSSSidt i = 10mA Cd SCC | Vd 
[pai Repetitive off-tate current, ether drection | VpRm = 250 V, See Note [10 100] nA _| 
Favidt Critical rate of rise of off-state vottage [See Figue1 «| 2 id Vins 


[018 | Vis] 
iia = 18030 
FT either direction ieee eee fe 19) 
en “RO 
itm = 100 mA wa EE ee 
Tin Holding current, either direction —~—~=S«d[ SsCSC~<~S~C~C~S~C~SéSYTSSC~*tOT~=C*dSC‘AC*' 


NOTE 5: Test voltage must be applied within dv/dt rating. 
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TIL3009 THRU TIL3012 
OPTOCOUPLERS/OPTOISOLATORS 


PARAMETER MEASUREMENT INFORMATION 


Vcc 


Vin = 30 V rms 


INPUT 
(See Note 6) 


NOTE 6: The critical rate of rise of off-state voltage, dv/dt, is measured with the input at O volts. The frequency of Vip, is increased until 


EMITTING DIODE NORMALIZED TRIGGER CURRENT 


Normalized Trigger Current—mA 


the phototriac just turns on. This frequency is then used to calculate the dv/dt according to the formula: 


Ww 


dv/dt = 2 J2xfVin 


The critical rate of rise of commutating voltage, dv/dt(c), is measured by applying occasional 5-volt pulses to the input and increasing 
the frequency of Vj, until the phototriac stays on (latches) after the input pulse has ceased. With no further input pulses, the 
frequency of Vip is then gradually decreased until the phototriac turns off. The frequency at which turn-off occurs may then 
be used to calculate the dv/dt(c) according to the formula shown above. 


FIGURE 1. CRITICAL RATE OF RISE TEST CIRCUIT 


TYPICAL CHARACTERISTICS 


vs 
FREE-AIR TEMPERATURE ON-STATE CHARACTERISTICS 


Output tw = 80 us 
IF =20 mA 
f = 60 Hz 


Optocouplers (Isolators) 


Itm—Peak On-State Current—mA 


6 —4 2 10) 2 4 6 
Ta—Free-Air Temperature— °C VtmM—Peak On-State Voltage—V 
FIGURE 2 FIGURE 3 
EXAS y 
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TIL3009 THRU TIL3012 
OPTOCOUPLERS/OPTOISOLATORS 


(S40}BjOS}) Ss1ajdno90}do - 


3-210 


TYPICAL CHARACTERISTICS 


CRITICAL RATE OF RISE OF OUTPUT VOLTAGE 


vs 
LOAD RESISTANCE 


14 “gen 23 S58 288 0.24 

OFF-STATE 
NRiwswes 2 SH 
SeEESEEeee 
wae rh 


See Figure 1 
0.20 


dl 
Np 


= 
oO 


Balt Th: 
ee Ce 
oer ec 
spefiebole he , 


dv/dt 


fee} 


Off-State dv/dt—V/ps 


o 


4 
(e) 0.4 0.8 4.2 1.6 2 
Ri, —Load Resistance—k? 


FIGURE 4 
CRITICAL RATE OF RISE OF OUTPUT VOLTAGE 
FREE-AIR TEMPERATURE 
dv/dt 


See Figure 1 


Off-State dv/dt—V/ys 


Ta—Free-Air Temperature — °C 


FIGURE 5 
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Commutating dv/dt—V/js 


Commutating dv/dt—V/ys 


TIL3009 THRU TIL3012 
OPTOCOUPLERS/OPTOISOLATORS 


em am eS 
TYPICAL CHARACTERISTICS 


RMS APPLIED VOLTAGE 
(FOR dv/dt(c) = 0.15 V/s) 
vs 
FREQUENCY 


Vin—RMS Applied Voltage—V 


eH Ht 


100 400 1k 4k 10k 40 k 100 k 
f—Frequency of Applied Voltage —Hz 
FIGURE 6 


MAXIMUM RATINGS 
NONREPETITIVE PEAK ON-STATE CURRENT 


vs 

PULSE DURATION 

mai et aN 
Wilimeet = 

Oma 

wa 


01 0.1 100 
tw—Pulse neglect ms 


FIGURE 7 


Ww 


Nn 


-_ 


Itsm—Nonrepetitive Peak On-State Current—mA 
2 ° 


Optocouplers (Isolators) Py 
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TIL3009 THRU TIL3012 
OPTOCOUPLERS/OPTOISOLATORS 


TYPICAL APPLICATIONS 


TIL3009-TIL3012 


Vcc 


120 V, 60 Hz 


FIGURE 8. RESISTIVE LOAD 


TIL3009-TIL3012 
2.4 k2 


(6) 180 2 
Vec 


120 V, 60 Hz 


Igt = 15 mA 


FIGURE 9. INDUCTIVE LOAD WITH SENSITIVE-GATE TRIAC 


TIL3009-TIL3012 


(6) 1802 1.2 ka 


Vec 


120 V, 60 Hz 


15 mA < Igt < 50mA 


FIGURE 10. INDUCTIVE LOAD WITH NONSENSITIVE-GATE TRIAC 
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400-V Phototriac Driver Output 


(Bilateral Switch) 


@ UL Recognized... 


mechanical 


Gallium Arsenide Diode Infrared Source and 
Optically Coupled Silicon Triac Driver 


TIL3020 THRU TIL3023 
OPTOCOUPLERS/OPTOISOLATORS 


D3065, DECEMBER 1987 


@ High Isolation... 3535 V Peak 
@ Output Driver Designed for 220 V AC 
@ Standard 6-Pin Plastic DIP 


File Number E65085 


Each device consists of a gallium arsenide infrared emitting diode optically coupled to a silicon phototriac 
mounted on a 6-pin lead frame encapsulated within an electrically nonconductive plastic compound. The 
case will withstand soldering temperature with no deformation and device performance characteristics 
remain stable when operated in high-humidity conditions. 


q 


7,62 (0.300) T.P. 
(See Note A) 


6,61 (0.260) 
6,09 (0.240) 


Ww 


INDEX DOT 
(See Note B) 


® © @ ‘see note c) 


1,78 (0.070) MAX 
6 PLACES 


— SEATING PLANE 


0,203 (0.008) 


01 (0.040) 
MIN 


fe 


0,305 (0.012) 


NOTES: A. 
condition and unit installed. 
. Pin 1 identified by index dot. 
Terminal connections: 
. Anode 
. Cathode 
No internal connection 
. Main terminal 
. Triac Substrate 
(DO NOT connect) 
. Main terminal 


2,29 (0.090) 

eects ced 1,27 (0.050) 
4 PLACES 

2,54 (0.100) T.P. 
(See Note A) 


FALLS WITHIN JEDEC MO-001 AM DIMENSIONS 


0,534 (0.021) 
0,381 (0.015) 
6 PLACES 


Optocouplers (Isolators) 


4 


Leads are within 0,13 mm (0.005 inch) radius of true position (T.P.) with maximum material 


\ Infrared-emitting 
diode 


Phototriac 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


PRODUCTION DATA documents contain information 
s of publication date. Products conform to 
tions per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 


Copyright © 1985, Texas Instruments Incorporated 
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TIL3020 THRU TIL3023 
OPTOCOUPLERS/OPTOISOLATORS 


absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Input-to-output peak voltage, 5 s maximum duration, 60 Hz (see Note 1) ............. 3.535 kV 
inte: dlodin: (OVO MRO: seit ec rigrena Ds Bhs ccs ew eR Ee OE Oe See tes ae 3V 
input diode forward Cirvent, Continuous ..... 2 ic os see ce ees be ie eee eee ens ee oe 50 mA 
Output repetitive peak off-state voltage... . .. 2... . «ASRS seat aie - + + Baelepasereyett 400 V 
Output on-state current, total rms value (50-60 Hz, full sine wave): 
DR Lier 6 eee ars als & Bala HR Ea SANE RTE See phd Oa ele oe eR Re Poeote ciate «tie 100 mA 
OIA ie OR ce sok Sg a2 18s at oe igihllig ae oath Ga getter yea bag gg bo ct eR Net Batr  h 50 mA 
Output driver nonrepetitive peak on-state current 
Wey SF Ois;-ety Cycle’ =" 10%; see Figure 77". PP eee Pe Pee A es 1.2A 
Continuous power dissipation at (or below) 25°C free-air temperature: 
Infrared-emitting diode (see Note..2)° Pree re. Per ae: OY Ree ce 100 mW 
Pe FEE PORE). os we isis cis Ge eee p Cae a alle eo aside VIE RUIEL OS 2 ck & 300 mW 
Titel hesice Asem. MOR A). 2. 6c eaisencas soe eimartienn terete tin greet eae SPU RTI ERI HE 330 mW 
Operating junction: temperative::range...-.... 0). aint sy Ee eS a owe oe —40°C to 100°C 
NOROTAG COMIGTORIPOTR NOR AE, «6s. dae Shae Feiss abe <item sxe core a pele e a eens —40°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds................-00005 260°C 
NOTES: Input-to-output peak voltage is the internal device dielectric breakdown rating. 


1g) 


Ts 

2. Derate linearly to 100°C free-air temperature at the rate of 1.33 mW/°C. 
3. Derate linearly to 100°C free-air temperature at the rate of 4 mW/°C. 

4. Derate linearly to 100°C free-air temperature at the rate of 4.4 mW/°C. 


electrical characteristics at 25°C free-air temperature (unless otherwise noted) 


R= 
IDRM Repetitive off-state current, either direction 
Input trigger current, Outbut edpery Voltage 
either direction 
ttm _= 100 mA 
[iy Holding current. either direction Sd] SSCS 


NOTE 5: Test voltage must be applied at a rate no higher than 12 V/s. 


0.05 100 


(S10}e]OS]) siajdnos0}doO 


PARAMETER TEST CONDITIONS MIN TYP MAX 


pA 


" 
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TIL3020 THRU TIL3023 
OPTOCOUPLERS/OPTOISOLATORS 


PARAMETER MEASUREMENT INFORMATION 


Vin = 30 V rms 


INPUT 
(See Note 6) 


NOTE 6: The critical rate of rise of off-state voltage, dv/dt, is measured with the input at O volts. The frequency of Vjp is increased until 
the phototriac just turns on. This frequency is then used to calculate the dv/dt according to the formula: 


dv/dt = 2 J2zxfVin 


The critical rate of rise of commutating voltage, dv/dt(c), is measured by applying occasional 5-volt pulses to the input and increasing 
the frequency of Vj, until the phototriac stays on (latches) after the input pulse has ceased. With no further input pulses, the 
frequency of Vjp is then gradually decreased until the phototriac turns off. The frequency at which turn-off occurs may then 
be used to calculate the dv/dt(c) according to the formula shown above. 


FIGURE 1. CRITICAL RATE OF RISE TEST CIRCUIT 


eo) 


Optocouplers (Isolators) 
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TIL3020 THRU TIL3023 
OPTOCOUPLERS/OPTOISOLATORS 


TYPICAL CHARACTERISTICS 


EMITTING DIODE NORMALIZED TRIGGER CURRENT 
vs 


FREE-AIR TEMPERATURE ON-STATE CHARACTERISTICS 
1.4 4 800 - ; 1 
Output tw = 800 us 
600 Ip = 20 mA 
E 1.3 t f = 60 Hz 
i 2 apo PTA = 26°C 
5 1.2 2 
FI 3 200 
5 (3) 
- 2 
te % 
2 14 T & 0 
e c 
3 22200 
B 1.0 at x 
S a 
E | -400 
2 09 Ss 
~ -—600 
0.8 L i—_——_t - 800 
-50 -25 0 26-1 260. 75-100 oe ae 0 1 2 3 
Ta—Free-Air Temperature— °C VtmM—Peak On-State Voltage—V 
FIGURE 2 FIGURE 3 


MAXIMUM RATINGS 
NONREPET!TIVE PEAK ON-STATE CURRENT 


vs 
PULSE DURATION 
CTT 
MIN. 
CME HIE PST 
Dime 


Itsm—Nonrepetitive Peak On-State Current—mA 


i) 
0.0 0.1 100 
tw—Pulse Duration—ms 


FIGURE 4 
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TIL3020 THRU TIL3023 
OPTOCOUPLERS/OPTOISOLATORS 


TYPICAL APPLICATIONS 


TIL3020-TIL3023 


Vcc 


220 V, 60 Hz 


FIGURE 5. RESISTIVE LOAD 


TIL3020-TIL3023 


2.4 kQ2 


(6) 1802 
Vcc 


220 V, 60 Hz 


Igt = 15 mA 


FIGURE 6. INDUCTIVE LOAD WITH SENSITIVE-GATE TRIAC 


TIL3020-TIL3023 


Optocouplers (Isolators) % 


(6) 1802 1.2 k2 


Vcc 


220 V, 60 Hz 


15 mA < Igt < 50 mA 


FIGURE 7. INDUCTIVE LOAD WITH NONSENSITIVE-GATE TRIAC 
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General Information 
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Intelligent LED Displays 
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TIL302, TIL302A, TIL303, TIL303A, TIL304, TIL304A 
NUMERIC DISPLAYS 


D1021, APRIL 1971 — REVISED JUNE 1982 


RED SOLID-STATE DISPLAYS 


© 6,9-mm (0.270-Inch) Character Height e Sign, Overflow, Left or Right Decimal Capability 
e High Luminous Intensity e Wide Viewing Angle 
e Low Power Requirements e Compatible with Most TTL and DTL Circuits 
e Each Unit Visually Checked for Uniformity of Elements 
mechanical data 


These assemblies consist of display chips mounted on a header with either a red molded plastic body for the T!L302, 
TIL303, and TIL304 or a red plastic cap for the TIL302A, TIL303A, and TIL304A. Multiple displays may be mounted 


on 11,43-mm (0.450-inch) centers. 


TIL302 
TIL302A TIL304 Sao 
TIL303 TIL304A 538 (OSs) 


TIL303A 
10,67 (0.420) 10,67 (0.420) 
0,25 (0,010) NOM —_ 0.25 (0.010) NOM 9,66 (0.380) 
ASIDES Tapes 


3.2 (0.126) 19,31 (0.760) 
18,29 (0.720) 


SEATING PLANE 


3.2 (0.127) 


a 


3.210.127) 


‘DECIMAL 
POINT 
1303 


0,48 (0.019) 


2,54 (0.100) TP. 
12 PLACES 
(See Now 4) 


OF PIN ROW ¢ OF PIN ROW {OF PIN ROW | OF PIN ROW 
OF PIN ROW 


. All linear dimensions are in millimeters and parenthetically in inches. 

. Lead dimensions are not controlled above the seating plane, 

. Centerlines of character segments and decimal points are shown as dashed lines. Associated dimensions are nominal, 
|. The true-position pin spacing is 2,54 mm (0.100 inch) between centerlines. Each centerline is located within 


0,26 mm (0.010 inch) of its true longitudinal position relative to pins 1 and 11. 
On TIL302A, TIL303A, and TIL304A devices, the 3 mold indentations are not present. 


TIL303, TIL303A TIL304, TIL3044 


” 
> 
= 
a 
a) 
Q 
Ww 
- 
_ 
4 
® 
Bg 
7) 
- 
x 
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= 


>—+(4) 4. 8. & 
DECIMAL 


balay a 
t+—_L(09 8 


DECIMAL 


DECIMAL 


PINS 4,5, AND 12 OMITTED PINS5, 11, AND 12 OMITTED PINS 2, 3, 4,5, 6, 12, AND 13 OMITTED 


current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 


standard warranty. Production processing does not 
necessarily include testing of all parameters. INSTRUMENTS 
POST OFFICE BOX 655303 + DALLAS, TEXAS 75265 


PRODUCTION DATA documents contain information ty Copyright © 1982, Texas Instruments Incorporated 
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TIL302, TIL302A, TIL303, TIL303A, TIL304, TIL304A 


NUMERIC DISPLAYS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Reverse Voltage at 25°C Free-Air Temperature: 
Each Segment 
Decimal Point en Ge 


Peak Forward Current, Each Segment or Decimal Point (See Note 1) 


Continuous Forward Current: 
Each Segment or Decimal Point . . . . 
Total for TIL302, TIL302A, TIL303, TIL 
Total for TIL304, TIL304A . 

Operating Free-Air Temperature Range 

Storage Temperature Range 


303A . 


NOTE 1: This value applies for PRR 2 60 Hz, duty cycle < 10%. 


sa om, OMe 
« aM 
200 mA 


30 mA 
240 mA 
150 mA 
= WRI 0°C to 70°C 
i Od —25°C to 85°C 


operating characteristics of each segment at 25°C free-air temperature (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS MIN TYP MAX] UNIT 


ly Luminous Intensity (See Note 2) 


Ap Wavelength at Peak Emission 
Spectral Bandwidth 


Ve. Static Forward Voltage 


Ip =20mA 


Ip = 20 mA, 
ay Ff Average Temperature Coefficient of Static Forward Voltage F a zs =2.7 
Ta = 0°C to 70°C 
IR Static Reverse Current VR=6V 100 
C  Anode-to-Cathode Capacitance VR=0, f=1MHz 85 pF 


| unit | 
| ued | 
[am | 
[nm | 
Ls 
| oF | 


a PARAMETER 


MIN TYP MAX] UNIT 


ly Luminous Intensity (See Note 2 


Ap Wavelength at Peak Emission 
Ad Spectral Bandwidth 


!R Static Reverse Current 


Ve Static Forward Voltage 


ay Average Temperature Coefficient of Static Forward Voltage 


Ip = 20 mA 


Ip = 20 mA, 
Ta =0°C to 70°C 


VR=3V Mm 


C  Anode-to-Cathode Capacitance 


| unit _ | 
rm 
Eis 
oe 


VrR=0, f=1MHz 


NOTE 2: Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission on 


Illumination) eye-response curve. 
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Reiative Luminous Intensity 


20 mA 


Luminous Intensity Relative to Value at IF 


TIL302, TIL302A, TIL303, TIL303A, TIL304, TIL304A 
NUMERIC DISPLAYS 


TYPICAL CHARACTERISTICS 


RELATIVE LUMINOUS INTENSITY 
vs 


RELATIVE SPECTRAL CHARACTERISTICS FREE-AIR TEMPERATURE 
S) 
So 4 
_ IF = Constant 
at 


° 
ye 


° 
bh 


i=) 
N 
+ 
J 


Luminous Intensity Relative to Value at Ta 


0.1 _—— Ear SS ees 

600 620 640 660 680 700 0 10 20 30 40 50 60 70 

A—Wavelength—nm Ta—Free-Air Temperature—°C 
FIGURE 1 FIGURE 2 
RELATIVE LUMINOUS INTENSITY 
vs 
FORWARD CURRENT FORWARD CONDUCTION CHARACTERISTICS 

40 


Ta = 25°C Hat ee 


2 DECIMAL 


” 
> 
& 
a. 
Zz 
fa) 
a 
Wu 
od 
~~ 
c 
® 
2 
o 
ww 
= 


|p—Forward Current—mA 
~N 


0 1 2 3 4 5 
|-—Forward Current—mA Ve—Forward Voltage—V 
FIGURE 3 FIGURE 4 
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TIL302, TIL302A, TIL303, TIL303A, TIL304, TIL304A 
NUMERIC DISPLAYS 


em TYPICAL APPLICATION DATA Mi 


o TIL302A Kd TIL303A 


Cy ie a 
cl : 


DECODER ORIVER . 
‘su7ee7a 


OC 8 A LAMP GND 
= TEST 


aco INPUT 


NOTE: Ri and R2 are selected for desired brightness. 
FUNCTION TABLE 


SN7447A 
DECIMAL 
INPUTS 
OR 


FUNCTION D c B A 
H H E L {8 L 
H x L L L H 
H x L L H L 
H x UE L H H 
H x L H & L 
H x L H L H 
H x L H H i 
H x L H H H 
H x H L ¢. L H 
H x H L o H H 
H x H L H L H 
5 HORNA COM on H 
o H x H H Lb L H 
— H x H H [4 H H 
a Hoy-x) | de ode | mw Ok H 
i) H x H H H H H 
3 x x x x x x a 
rc H = L L L L L 
m x x x x x H 
iw) H = high level (logic 1 in positive logic), L = low level (logic 0 in positive logic), X = irrelevant. 
iS) TBI/RBO is wire-AND logic serving as blanking input (BI) and/or ripple-blanking output (RBO) . 
7) NOTES: 1, The blanking input (BI) must be open or held at a high logic level when output functions 0 through 15 are desired. The 
nok ripple-blanking input (RB!) must be open or high if blanking of a decimal zero is not desired. 
> 2. When a low logic level is applied directly to the blanking input (BI), all segment outputs are off regardless of any other 
< input. 
n 


3. When the ripple-blanking input (RBI) and inputs A, B, C, and D are at a low logic level with the lamp test input high, all segment 
Outputs are off and the ripple-blanking output (RBO) of the decoder goes to a low level (response condition). 

4. When the blanking input/ripple blanking output (BI/RBO) is open or held high and a low is applied to the lamp-test input, all 
segments are illuminated. 


i?) 1 2 3 4 5 6 ? 8 9 10 11 12 13 14 15 
NUMERICAL DESIGNATIONS—RESULTANT DISPLAYS 
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S97SZ SVX3L ‘SVTIVO » EOESS9 XOB 391530 1SOd 


SINAWNULSN| 


oe Svxa]_ 


LY 


The TIL303, TIL303A, TIL304, and TIL304A are used in this application to make a three-digit display with sign, which is capable of 100% 
overrance (‘1’" plus three digits). The decimal point is located via an external range switch. The clear function will blank the overflow digit and 
reset the three digits to zero. Following resetting, input pulses will be counted, decoded, and displayed. 


= 


Vec =5V ’ 


TIL303 
) oP. E 
ot i tol et 7 tof at 6 
R1IZ R2Y AZZ AZZ RZ RIS R2Z RZ 
(See Note A) (See Note A) 


RANGE SWITCH 
(See Note 8) 


PLUS-SIGN OPEN 
INPUT We 
(See Note B) te 


2 
o 
° 
‘ll 


LI 


81/RB0—q 


WV 


Roi) R91) 


Ro(2) R9i2) 


COUNTER 
INPUT 
CLEAR: a + 
NOTES: A. R1 and R2 are selected for desired brightness. 
B. Grounding of any of these lines will illuminate the associated function. 


\/ «+ Vec bus 


Intelligent LED Displays 


VLVG NOILVOIIddV IWOIdAL 
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Intelligent LED Displays 
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TIL305 
5 x 7 ALPHANUMERIC DISPLAY 


D1033, MAY 1971—REVISED MARCH 1983 


SOLID-STATE DISPLAY WITH RED 
TRANSPARENT PLASTIC ENCAPSULATION 


e 7,62-mm (0.300-inch) Character Height 

e High Luminous Intensity 

e Low Power Requirements 

e Wide Viewing Angle 

e 5X7 Array with X-Y Select and Decimal 

e Compatible with USASCII and EBCDIC Codes 
mechanical data 


This assembly consists of a display chip mounted on a printed circuit board with a red molded plastic body. Multiple 
displays may be mounted on 11,43-mm (0.450-inch) centers. 


10,67 (0.420) 1,91 (0.075) MAX 
i 9,69 (0.380) olla BOTH ROWS fin aia 
BOTTOM VIEW 4 PLACES 
— 


1,27 (0,050) 
NOM 
(See Note b) 43 


DECIMAL (0.170) 
POINT NOM 


TOP VIEW ORIENTATION 


2,54 (0.100) T.P. 
12 PLACES 


051 (0.020) NOM 7,62 + 0,25 (See Note a) 
3,18 (0.125) 
1,27 (0.050) NOM 379 W110) (0.300 + 0.010) 


ee He SEATING PLANE 


4,6 (0.180) MIN 


0,508 (0.020) 
9.406 (0.076) (0.076) 
DIA ALL PINS 


Intelligent LED Displays 


NOTES: a. The true-position spacing is 2,54 mm (0.100 inch) between lead centerlines. 
Each pin centerline is located within 0,25 mm (0.010 inch) of its true 
longitudinal position. 

b. Vertical and horizontal spacing between centerlines of rows and columns 
nominally 1,27 mm (0.050 inch). 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


PRODUCTION DATA documents contain information Copyright © 1983, Texas Instruments Incorporated 


current as of publication date. Products conform to we 
standard warranty. Production processing does not TEXAS ats 
necessarily include testing of all parameters. INSTRUMENTS 
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TIL305 
5 <x 7 ALPHANUMERIC DISPLAY 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Reverse Voltage-at 2570 riee-Air liemperature. . <a cos 5S: ice nue Ose bu mee GUS Ge lee rue x 3M 
Peak Forward Current, Each Diode BOTs SIR ing eT IS Be ge we ee | TOO 
Average Forward Current (see Note 1): 
Each Diode eowek. 2 fone @ ow 8 i Gege a pee e Jeh Catt te oo I eer ey ROI 
WOtel ns Sg 4 ee ee kn 5 Ee ee eine. FP ee a ae 200 mA 
Operating Free-Air Temperature Range 6 . 6 ke pia elie ames oe a 0° to 70°C 
Stonane Ventoeratiire mance’. | <.tiw.: |s -c > ahated Gatiwea Me ag: 1a es. a —25°C to 85°C 


operating characteristics of each diode at 25°C free-air temperature (unless otherwise noted) 


sAejdsiq G37 3ue6ye1u] 


ly 
Xp 


PARAMETER TEST CONDITIONS MIN TYP MAX] UNIT 


Luminous Intensity (see Note 2) 


Wavelength at Peak Emission 


A? Spectral Bandwidth 


Ve Static Forward Voltage 


aypf Average Temperature Coefficient of Static Forward Voltage 


IR 
3 


Ip = 10 mA, 
Ta = 0°C to 70°C 
Static Reverse Current VR=3V 


Anode-to-Cathode Capacitance 


NOTES: 1. This average value applies for any 1-ms period. 


2. Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission 
on Illumination) eye-response curve. 


TYPICAL CHARACTERISTICS 


RELATIVE LUMINOUS INTENSITY RELATIVE LUMINOUS INTENSITY 


=25°C 


Luminous Intensity Relative to Value at Ta, 


vs vs FORWARD CONDUCTION 
FREE-AIR TEMPERATURE FORWARD CURRENT CHARACTERISTICS 


4 


If = Constant 


10 mA 


Value at IE 


ip—Forward Current—mA 


0.2 


Average Luminous Intensity Relative to 


0 10 20 30 40 50 70 0 02 0406 08 10 12 14 16 18 20 
Ta—Free-Air Temperature—"C \eM—Peak Forward Current: mA Vp—Forward Voltage—V 
FIGURE 1 FIGURE 2 FIGURE 3 
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TIL306, TIL3O6A, TIL307, TIL307A 
NUMERIC DISPLAYS WITH LOGIC 


01034, REVISED JUNE 1982 


SOLID-STATE DISPLAYS WITH INTEGRAL TTL MSI CIRCUIT CHIP FOR 
USE IN ALL SYSTEMS WHERE THE DATA TO BE DISPLAYED IS 
THE PULSE COUNT 


e 6,9-mm (0.270-Inch) Character Height e Easy System Interface 


e High Luminous Intensity e Wide Viewing Angle 

e TIL306 and TIL306A e Internal TTL MSI Chip and Counter, Latch, Decoder, 
Have Left Decimal and Driver 

e TIL307 and TIL307A e Constant-Current Drive for Light-Emitting Diodes 


Have Right Decimal 


mechanical data 

These assemblies consist of display chips and a TTL MSI chip mounted on a header with either a red molded plastic 
body for the T1L306 and TIL307 ora red plastic cap for the TIL306A and TIL307A. Multiple displays may be mounted 
on 11,43-mm (0.450-inch) centers. 


4.45 (0.175) 
3.38 (0.133) 


SEATING PLANE 


(See Note b) 0,76 (0.030) 


PIN ASSIGNMENTS. 


paar oe PIN1 LATCH OUTPUT Qg 
0.203 (0.008) (BINARY WEIGHT 2) 
PIN 2 LATCH OUTPUT Qc 
45 (0.175) x0 60.010) (BINARY WEIGHT 4) 
Cone 4,4 (0.174) MAX Var mare PIN3 LATCH OUTPUT Qp 
3,8 (0.150) SPLACER ‘2 pot 
4 BOTH ROWS (BINARY WEIGHT 8) 
PIN4 LATCH OUTPUT Qa 
(BINARY WEIGHT 1) 
2,54 (0.100) PINS LATCH STROBE 
INPUT 
Fae PING RIPPLE-BLANKING 
casnate INPUT 
ALL PINS PIN 7 MAXIMUM-COUNT 
OUTPUT 
PINS GROUND 
26,67 (1.050) PINS PARALLEL COUNT 
25.66 (1.010) ENABLE INPUT 
PIN 10 SERIAL COUNT 
ENABLE INPUT 
PIN 11 RIPPLE-BLANKING 
DECIMAL OUTPUT 
ell PIN 12 CLEAR INPUT 
PIN 13 DECIMAL POINT 
2,54 (0.100) TP. INPUT 
14 PLACES PIN 14 BLANKING INPUT 
(Sea Note d) PIN 15 CLOCK INPUT 


PIN 16 SUPPLY VOLTAGE, 
10,67 (0.420) v 
9,65 (0.380) as 


All linear dimensions are in millimeters and parenthetically in inches, 


3 = 8 3 2 a a 


Loaic cHiP 


. Lead dimensions are not controlled above the seating plane. 
. Centerlines of character segments and decimal points are shown as dashed lines, Associated dimensions are nominal. 
d, The true-position pin spacing is 2,54 mm (0,100 inch) between centerlines, Each centerline is located with 0,26 mm (0.010 inch) 
of its true longitudinal position relative to pins 1 and 16, 
. On TIL306A and TIL307A devices, the 4 mold indentations are not present. 
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TIL307A 
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LOGIC OUTPUTS 


MAX COUNT Q,q OB Ac AD TO LOGIC CHIP 


=< (inte? 

oes ay Ease 

D> ES Mme 

> SO 
(SHE 


RIPPLE BLANKING RBO DECIMAL 
BLANKING !NPUT = NODE POINT 
INPUT INPUT 


SYNCHRONOUS BCD COUNTER, 4-BIT LATCH, DECODER/DRIVER, SEVEN-SEGMENT LED DISPLAY WITH DECIMAL POINT 


wesBeip yo0;q jeuonouny 


TIL306 AND TIL306A HAVE LEFT DECIMAL 
TIL307 AND TIL307A HAVE RIGHT DECIMAL 


919071 HLIM SAV1dSIG SINIWNN 
WLOETIL ‘LOETL ‘V9OETIL “SOETIL 


description 


TIL306, TIL306A, TIL307, TIL307A 
NUMERIC DISPLAYS WITH LOGIC 


These internally-driven seven-segment light-emitting-diode (LED) displays contain a BCD counter, a four-bit latch, and 
a decoder/LED driver in a single 16-pin package. A description of the functions of the inputs and outputs of these 


devices follows: 


FUNCTION 
CLEAR INPUT 


CLOCK INPUT 


PARALLEL COUNT 
ENABLE INPUT 
(PCE!) 


SERIAL COUNT 
ENABLE INPUT 
(SCEl) 


MAXIMUM COUNT 
OUTPUT 


LATCH STROBE 
INPUT 


LATCH OUTPUTS 
(Qa, Og, Qc, Ap) 


DECIMAL POINT 
INPUT 


BLANKING INPUT 
(BI) 


RIPPLE-BLANKING 
INPUT 
(RBI) 


RIPPLE-BLANKING 
OUTPUT 
(RBO) 


PIN NO. 
12 


15 


4,1,2,3 


13 


14 


11 


DESCRIPTION 
When low, resets and holds counter at 0. Must be high for normal 
counting. 


Each positive-going transition will increment the counter provided that the 
circuit is in the normal counting mode (serial and parallel count enable 
inputs low, clear input high). 


Must be low for normal counting mode. When high, counter will be 
inhibited. Logic level must not be changed when the clock is low. 


Must be low for normal counting mode, also must be low to enable 
maximum count output to go low. When high, counter will be inhibited 
and maximum count output will be driven high. Logic level must not be 
changed when the clock is low. 


Will go low when the counter is at 9 and serial count enable input is low. 
Will return high when the counter changes to 0 and will remain high during 
counts 1 through 8. Will remain high (inhibited) as long as serial count 
enable input is high. 


When low, data in latches follow the data in the counter. When high, the 
data in the latches are held constant, and the counter may be operated 
independently. 


The BCD data that drives the decoder can be stored in the 4-bit latch and 
is available at these outputs for driving other logic and/or processors. The 
binary weights of the outputs are: Qa = 1, Og = 2, Oc = 4, Qp = 8. 


Must be high to display decimal point. The decimal point is not displayed 
when this input is low or when the display is blanked. 


When high, will blank (turn off) the entire display and force RBO low. 
Must be low for normal display. May be pulsed to implement intensity 
control of the display. 


When the data in the latches is BCD 0, a low input will blank the entire 
display and force the RBO low. This input has no effect if the data in the 
latches is other than 0. 


Supplies ripple-blanking information for the ripple-blanking input of the 
next decade. Provides a low if BI is high, or if RBI is low and the data in 
the latches is BCD 0; otherwise, this output is high. This pin has a resistive 
pull-up circuit suitable for performing a wire-AND function with any 
open-collector output. Whenever this pin is low the entire display will be 
blanked; therefore, this pin may be used as an active-low blanking input. 


The TTL MSI circuits contain the equivalent of 86 gates on a single chip. Logic inputs and outputs are completely 
TTL/DTL compatible. The buffered inputs are implemented with relatively large resistors in series with the bases of the 
input transistors to lower drive-current requirements to one-half of that required for a standard Series 54/74 TTL input. 
The serial-carry input, actually two internal loads, is rated as one standard series 54/74 load. 


% 
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TIL306, TIL3OGA, TIL307, TIL307A 
NUMERIC DISPLAYS WITH LOGIC 


description (continued) 


The logic outputs, except RBO, are active pull-up, and the latch outputs Qa, Qg, Qc, and Op are each capable of 
driving three standard Series 54/74 loads at a low logic level or six loads at a high logic level while the maximum-count 
output is capable of driving five Series 54/74 loads at a low logic level or ten loads at a high logic level. The RBO node 
with passive pull-up serves as a ripple-blanking output with the capability to drive three Series 54/74 loads. 


The LED driver outputs are designed specifically to maintain a relatively constant on-level current of approximately 
seven milliamperes through each LED segment and decimal point. All inputs are diode-clamped to minimize 
transmission-line effects, thereby simplifying system design. Maximum clock frequency is typically 18 megahertz and 
power dissipation is typically 600 milliwatts with all segments on. 


The display format is as follows: 


The displays may be interconnected to produce an n-digit display with the following features: 
@ Ripple-blanking input and output for blanking leading or trailing zeroes 
@ Floating-decimal-point logic capability 
@ Overriding blanking for suppressing entire display or pulse-modulation of LED brightness 


@ Dual count-enable inputs for parallel look-ahead and serial ripple logic to build high-speed fully synchronous, 
multidigit counter systems with no external logic, minimizing total propagation delay from the clock to the 
last latch output 


@ Provision for ripple-count cascading between packages 
@ Positive-edge-triggered synchronous BCD counter 


@ Parallel BCD data outputs available to drive logic processors or remote slaved displays simultaneously with 
data being displayed 


@ Latch strobe input allows counter to operate while a previous data point is displayed 


@ Reset-to-zero capability with clear input. 


absolute maximum ratings over operating case temperature range (unless otherwise noted) 


Supply Voltage, Vcc (See Note 1): Continuous wag eee Cs BR. ee 2 ODS ARIS 

Nonrepetitni Rad) toy Se TOD inearte: te: Ge A.) se ee ee aw TI PA 
Input Voltage (See Note 1) ... . ee ee er ee ee on ete 
Operating Case Temperature Range (See Note 2) Hedtplle 330 jaet er i; cat ee a ae RR Pe oc etd 0°C to 85°C 
Storage Temperature Range es Pe eet ssh ach SP Toys fe Ses am aaa —25°C to 85°C 


NOTES: 1. Voltage values are with respect to ecuerk aroun ‘esata? 
2. Case temperature is the surface temperature of the plastic measured directly over the integrated circuit. Forced-air cooling may 
be required to maintain this temperature, 


recommended operating conditions 


MIN NOM MAX| UNIT 
5 


Supply Voltage, Vcc 


Low Logic Level 


Normalized Fan-Out from Each Output, N 
(to Series 54/74 Integrated Circuits) 


Sy 
mal 
2 
= 
® 
| 
7 
“i 
m 
Oo 
9 
B 
Z 
D 
< 
G 


High Logic Level | Qa, Qg, Qc, Qp 


Maximum Count 


High Logic Level 


Clock Pulse Duration, tw(clock) 


Low Logic Level 


Clear Pulse Duration, tw(clear) 


Latch Strobe Pulse Duration, tw/(jatch strobe) 


Setup Time, t Serial Carry and Parallel Carry 
os Clear Inactive State 
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TIL306, TIL306A, TIL307, TIL307A 
NUMERIC DISPLAYS WITH LOGIC 


operating characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 


¥__ (See Note 9) = 
[Ap Wavelength atPeakEmision—=—=sS—SsSCS~*dtC = SV, See Nowe | 660 
[ax Seectralgandwidth Sd cc V, SeeNowea [20 | om | 
ViH_ High-Level Input Voltage CT Eos 
Vit.__Low-Lavel Input Voltage ee — a 
[Wik Input Clamp Voltage SSCSC~SCS~S CV TMA 1.8] CV 
Voc = 475, = 

Cae 


VoH_ High-Level Output Voltage Qa, Og, Oc, Qp Veco =4.75V, Ion = —240 uA 
Voo= 4:75. lon = 400 A 
Low-Level Output Voltage Qa, Qg,Qc¢,Qp, RBO | Voc=4.75V, IoL=4.8mA 


VoL - v 
(See Note 5) Veo=4.75V, loL=8mA 
\ Input Current at Maximum Input Voltage Voc=5.25V, Vj =5.5V | mA | 


oy one 
Nw High-Level Input Current RBO Node Vec=5.25V, Vj=24V . 


Other Inputs 
Serial Carry 
tie Low-Level Input Current RBO Node Vec=5.25V, Vj =04V 


: Qa, QB, Oc, Ap 
ial nMieeiahtiimamnies oeekte ee Fa 
os ort-Circuit Output Curren Masini Count ce 


!cc Supply Current Vcc =5.25V, See Note 4 


tau typical values are at Voc = 5 V. 
NOTES: 3. Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission 
on Illumination) eye-response curve. 
4. These parameters are measured with all LED segments and the decimal point on. 
5. This parameter is measured with the display blanked. 


switching characteristics, Vcc = 5 V, Tc = 25°C 


PARAMETER § mone hiss TEST CONDITIONS MIN TYP MAX | UNIT 
(INPUT) (OUTPUT) 


q 
Serial Look-Ahead Maximum Count 


CL=15pF, RL=5602, 


t See Figure 1 
63 
PHL 
tPLH 
Clock Qa, Og, Ac, a CL = 15 pF, 
tPHL ee | oeaibigh > . 


See Fi 1 


Ste = Maximum clock frequency 
tpLH = Propagation delay time, low-to-high-level output 
tpHL = Propagation delay time, high-to-low-level output 


OUTPUT 


NOTES: A. Cy, includes probe and jig capacitance. 
B. All diodes are 1N3064. 


FROM OUTPUT 
UNDER TEST 


Vcc 
Ri 
Tt CL = 15 pF 


LOAD CIRCUIT—FIGURE 1 


Intelligent LED Displays 


TEXAS 4% 4-15 


INSTRUMENTS 


POST OFFICE BOX 655303 - DALLAS, TEXAS 75265 


TIL306, TIL306A, TIL307, TIL307A 
NUMERIC DISPLAYS WITH LOGIC 


TYPICAL CHARACTERISTICS 


RELATIVE SPECTRAL CHARACTERISTICS 


=25°C 


RELATIVE LUMINOUS INTENSITY 
vs 
CASE TEMPERATURE 


(S) 
bE 
2 s 
. 8 
2 $ 
lo ° 
$ 2 
° a 
iS 2 
E & 
3 © 
& 2 
$ 
fe} 
& 
E eat aay 
S 
0 10 20 30 40 50 60 70 
A—Wavelength—nm Tc—Case Temperature—C 
FIGURE 2 FIGURE 3 
J 
ot 
2 
Pe 
Oo 
=] 
ic 
m 
ie] 
9 
” 
= 
® 
< 
n 
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TIL308, TIL308A, TIL309, TIL309A 
NUMERIC DISPLAYS WITH LOGIC 


D1096, MARCH 1972—REVISED JUNE 1982 


SOLID-STATE DISPLAYS WITH INTEGRAL TTL MSI CIRCUIT CHIP 
FOR USE IN ALL SYSTEMS REQUIRING A DISPLAY OF BCD DATA 


e 6,9-mm (0.270-Inch) 
Character Height 
e TIL308 and TIL308A 
Have Left Decimal 
e TIL309 and TIL309A 
Have Right Decimal 
mechanical data 


These assemblies consist of display chips and a TTL MSI chip mounted on a header with either a red molded plastic 
body for the TIL308 and TIL309 or a red plastic cap for the TIL308A and TIL309A. Multiple displays may be 


e Easy System Interface 


e Wide Viewing Angle 


e Internal TTL MSI Chip with Latch, Decoder, and Driver 
e Constant-Current Drive for Light-Emitting Diodes 


mounted on 11,43-mm (0.450-inch) centers. 


SEATING PLANE. 
(See Note b) 


orem 4,4 (0.174) 
3,8 (0.160) 


2,54 (0.100) 


DECIMAL 
POINT 
TIL309 
TIL309A 


4,45 (0.175) 
3.38 (0.133) 


0,76 (0,030) 


0,305 (0.012) 
0.203 (0.008) 


45 (0.175) (0.300 + 0.010) 


MAX 1,91 (0.075) 
4 PLACES MAX 
BOTH ROWS 


0,406 (0.016) 
ALL PINS 


a 


a 


26,67 (1.050) 
25,65 (1.010) 


Sop Som fo 


O8Se 40 one ome ace wre 


womp 


2,54 (0.100) T.P. 
14 PLACES 
(See Note d) 


10,67 (0.420) 
‘9,65 (0.380) 


. All linear dimensions are in millimeters and parenthetically in inches, 


. Lead dimensions are not controlled above the seating plane. 


PIN ASSIGNMENTS 
FOR BOTH TYPES 


PIN1 
PIN2 
PIN3 
PING 


PINS 
PING 


PIN7 


PINS 
PINS 


PIN 10 


PIN 11 
PIN 12 
PIN 13 
PIN 14 
PIN 15 


PIN 16 


LATCH OUTPUT Qg 
(BINARY WEIGHT 2) 
LATCH OUTPUT Qc 
(BINARY WEIGHT 4) 
LATCH OUTPUT Qp 
(BINARY WEIGHT 8) 
LATCH OUTPUT Qa 
(BINARY WEIGHT 1) 
LATCH STROBE INPUT 
LATCH DATA INPUT C 
(BINARY WEIGHT 4) 
LATCH DATA INPUT D 
(BINARY WEIGHT 8) 
GROUND 

NO INTERNAL 
CONNECTION 

LATCH DATA INPUT B 
(BINARY WEIGHT 2) 
BLANKING INPUT 
LATCH DATA INPUT DP 
LED TEST 

LATCH OUTPUT DP 
LATCH DATA INPUT A 
(BINARY WEIGHT 1) 
SUPPLY VOLTAGE, 


voc. 


c. Centerlines of character seqments and decimal points are shown as dashed lines. Associated dimensions are nominal. 
d. The true-position pin spacing is 2,54 mm (0,100 inch) between centerlines. Each centerline is located within 


0,26 mm (0.010 inch) of its true longitudinal position relative to pins 1 and 16, 


. On TIL3OBA and TIL309A devices, the 4 mold indentations are not present. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
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TIL309A 
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LATCH OUTPUTS 


BLANKING DP D c B A 
INPUT 


LATCH 
STROBE — df >— 
INPUT 


4 


i 


: 


205 
Cc 
Sa 


Vec 


TO LOGIC CHIP at 


TIL308 AND TIL308A HAVE LEFT DECIMAL 
TIL309 AND TIL309A HAVE RIGHT DECIMAL 
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TIL308, TIL308A, TIL309, TIL309A 
NUMERIC DISPLAYS WITH LOGIC 


description 
These internally-driven seven-segment light-emitting-diode (LED) displays contain a five-bit latch and a decoder/LED 
driver in a single 16-pin package. A description of the functions of the inputs and outputs of these devices follows: 


FUNCTION PIN NO. DESCRIPTION 


LATCH STROBE INPUT 5 When low, the data in the latches follow the data on the latch inputs. 
When high, the data in the latches are held constant and are unaffected by 
new data on the latch inputs. 


LATCH DATA INPUTS 15, 10,6,7,12 Data on these inputs are entered into the latches under the control of the 


A,B, C,D, DP latch strobe input. The binary weights of the inputs are: A= 1, B= 2, 
C =4, D =8. DP is decimal point latch data input. 

LATCH OUTPUTS 4, 1,2, 3,14 The BCD data that drives the decoder is stored in the five latches and is 

Qa, QB, Qc, Ap, App available at these outputs. The binary weights of the outputs are: Qa = 1, 
Qp = 2, Qc = 4, Qp =8. App is decimal point latch output. 

BLANKING INPUT 11 When low, will blank (turn off) the entire display. Must be high for normal 
operation of the display. 

LED TEST INPUT 2 When low, will turn on the entire display, overriding the data in the latches 


and the blanking input. Must be high for normal operation of the display. 


FUNCTION TABLE 


FUNCTION NPUTS BLANKING] LED LATCH OUTPUTS DISPLAY 


BLANK 


LED TEST 


H = high level, L = low level, X = irrelevant. 
DP input has arbitrarily been shown activated (high) on every other line of the table, 
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TIL308, TIL308A, TIL309, TIL309A 
NUMERIC DISPLAYS WITH LOGIC 


description (continued) 


The TTL MSI circuits contain the equivalent of 78 gates on a single chip. Logic inputs and outputs are completely 
TTL/DTL compatible. The buffered inputs are implemented with relatively large resistors in series with the bases of the 
input transistors to lower drive-current requirements to one-half of that required for a standard Series 54/74 TTL input. 


Some of the additional features of these displays are as follows: 
e  Latched BCD and decimal point logic outputs provided to drive logic processors simultaneously with the 
displayed data 


Minimum number of inputs required . . . 4-line BCD plus decimal point 

Overriding blanking for suppressing entire display or for pulse-modulation of LED brightness 
LED test input to simultaneously turn on all display segments and decimal point 

Can be operated in a real-time mode or latched-update-only mode by use of the latch strobe input 
Displays numbers 0 thru 9 as well as A, C, E, F, or minus sign 

Can be blanked by entry of BCD 13 or by use of the blanking input 

Decimal point controlled independently with decimal-point latch 


Constant-current-source TTL-LED interface for optimum performance. 


The latch outputs except Opp are active pull-up, and each one, except Opp, is capable of driving three standard 
Series 54/74 loads. The LED driver outputs are designed specifically to maintain a relatively constant on-level current 
of approximately seven milliamperes through each LED segment and decimal point. All inputs are diode-clamped to 
minimize transmission-line effects, thereby simplifying system design. Power dissipation is typically 575 milliwatts with 
all segments on. 


absolute maximum ratings over operating case temperature range (unless otherwise noted) 


Sapnly Voltage; ¥ocqsee Note tr ‘Gontiniieus: “. bcc ech es Gust. Se Geel Sees Geb 3c 

Nanrepetitive Peak, ty 100Ms 2 6 js wage HE ase gas se) OTM 
Input Voltage: (See'Ndte 1) . . 2 we ke ee SR nt Spr es oe ae aa ee . SBYV 
Operating Case Temperature Range (See Note2) .......... 0804 2 ee ee ee OC to 85°C 
Storage Temperature Range A PEP MRP MOR a oe ee ri nn io Od ee Tee 


NOTES: 1. Voltage values are with respect to network ground terminal. 


2. Case temperature is the surface temperature of the plastic measured directly over the integrated circuit. Forced-air cooling may 
be required to maintain this temperature. 


recommended operating conditions 


| MIN NOM Max [UNIT 

Supply Voltage, Voc 4.75 5 5.25 
oe Sy > ee LE 
Qq.0g.06.05| =| 


Normalized Fan-out from each output, N 


(to Series 54/74 Integrated Circuits) 4 ; 
High Logic Level 


Latch Strobe Pulse Duration, ty 


Hold Time, th 
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operating characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS MIN TYPT MAX |UNIT 


! Lumi Intensity (See Note 3) cant Vv 5V POS NES 
is Intens! ee = 
i wk wats ope Decimal Point Se 


Ap _—_- Wavelength at Peak Emission Veco =5.V; See Note 4 
AA Spectral Bandwidth Vec=5V, See Note 4 
Vin High-Level Input Voltage 
Vit Low-Level Input Voltage 
Vik Input Clamp Voltage Vec =4.75 V, ly =—12mA 
Qpp Vcc = 4.75 V, lon = —120 nA 


Ga, Os. Oc, Gp 

pp | Voc = 475V, loL=TSmA_| 

Qpn,0g,0¢,Q0p | Voc =4.75V, lol =4.8mA Biaeo |: 94 

P| Mec 826V, vi=55V | St | 
liH_ High-Level Input Current Voc =5.25V, Vj=2.4V Sees 


'}L Low-Level Input Current Voc =5.25V, Vj =0.4V 


log Short-Circuit Output Current 


Icc Supply Current Vcc = 5.25 V, All Inputs at0 V 


Tall typical values are at Voc =5 V. 
NOTES: 3. Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (international Commission 
on Illumination) eye-response curve. 
4. These parameters are measured with all LED segments and the decimal point on. 
5. This parameter is measured with the display blanked. 


switching characteristics, Vcc = 5 V, Tc = 25°C 


PARAMETER FROM (INPUT) TO (OUTPUT) TEST CONDITIONS MIN TYP MAX] UNIT 


PLH A,B, C, D, DP A209, 0c,05 Onn lec betes ae [| ns_| 


tpLH = Propagation delay time, low-to-high-level output 
tpHL = Propagation delay time, high-to-low-level output 


PARAMETER MEASUREMENT INFORMATION 


OUTPUT Vcc 


Rt 
FROM OUTPUT 
UNDER TEST 


Intelligent LED Displays 


NOTES: A. Cy includes probe and jig 
capacitance. 
B. All diodes are 1N3064. 
C. Measurements made with 
latch strobe input grounded. 


LOAD CIRCUIT—FIGURE 1 


wy 
TEXAS ih 
INSTRUMENTS j 


POST OFFICE BOX 655303 - DALLAS, TEXAS 75265 


TIL308, TIL308A, TIL309, TIL309A 
NUMERIC DISPLAYS WITH LOGIC 


TYPICAL CHARACTERISTICS 


RELATIVE SPECTRAL CHARACTERISTICS 


= 
(= 
2 
As 
$ 
3} 
£ 
E 
— | 
Pa] 
2 
& 
oa 
cc 
\—Wavelength—nm 
FIGURE 2 
RELATIVE LUMINOUS INTENSITY 
vs 
e r CASE TEMPERATURE 
N 
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Luminous Intensity Relative to Value at Tc 


0 10 20 30 40 50 60 70 
Tc—Case Temperature—C 


FIGURE 3 
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TIL311, TIL311A 
HEXADECIMAL DISPLAY WITH LOGIC 


D1176, MARCH 1972—REVISED APRIL 1987 


SOLID-STATE HEXADECIMAL DISPLAY WITH 


INTEGRAL TTL CIRCUIT TO ACCEPT, 
STORE, AND DISPLAY 4-BIT BINARY DATA 


e 7,62-mm (0.300-Inch) e Wide Viewing Angle 
Character Height e Internal TTL MSI Chip with Latch, Decoder, and Driver 
e High Brightness e Operates from 5-Volt Supply 


e Left-and-Right-Hand Decimals. Constant-Current Drive for Hexadecimal Characters 


e Separate LED and Logic Power « Easy System Interface 
Supplies May Be Used 


mechanical data 


These assemblies consist of display chips and a TTL MSI chip mounted on a header with either a red molded plastic 
body for the TIL311 or a red plastic cap for the TIL311A. Multiple displays may be mounted on 11,43-mm 
(0.450-inch) centers. 


10,67 (0.420) 


9,65 (0.380) 1,91 (0.075) MAX 
GOFPINI c 7,62 + 0,26 
10.150) (0.300 + 0.010) 
0,25 (0.010) NOM fe 191 (0.075) max 
4SIDES 0.76 (0.030) MIN 


1,78 (0.070) i . fF Att Pins 


2.16 (0.085) 
MAX 


19,31 (0.760) 

18,29 (0.720) 0,508 (0.020) 

0,406 (0.076) 
ALL PINS 


4,3 (0.170) 


2,54 (0.100) TP 
4,1 (0.160) 12 PLACES 
(See Note d) 
Loic 
CHIP 


2,16 (0.085) MAX 


PIN1 LED SUPPLY VOLTAGE 
PIN 2. LATCH DATA INPUT B 
oii, PIN 3 LATCH DATA INPUT A 
Pee “Y PIN4 LEFT DECIMAL POINT CATHODE 
PLANE oa PIN5 LATCH STROBE INPUT 
PING OMITTED 
4,5 (0.180) MIN PIN 7 COMMON GROUND 
PINS BLANKING INPUT 
PINS OMITTED 
PIN10R 
oa 9305 0.02 au ays ou ue pee, POINT CATHODE 
PIN 12 LATCH DATA INPUT D 
PIN 13 LATCH DATA INPUT C 
PIN 14 LOGIC SUPPLY VOLTAGE, Vcc 


» All linear dimensions are in millimeters and parenthetically in inches. 


Intelligent LED Displays 


(See Note b) 


. Lead dimensions are not controlled above the seating plane. 

. Centerlines of character seqments and decimal points are shown as dashed lines, Associated 
dimensions are nominal. 

. The true-position pin spacing is 2,54 mm (0.100 inch) between centerlines, Each centerline is 
located within 0,26 mm (0.010 inch) of its true longitudinal position relative to pins 1 and 14. 

e.' On TIL311A devices, the 3 mold indentations are not present. 


Copyright © 1982, Texas Instruments Incorporated 


PRODUCTION DATA documents contain information . 

current as of publication date. Products conform to wi 
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TIL311, TIL311A 


HEXADECIMAL DISPLAY WITH LOGIC 


ns 


sAejdsiq G37] }uebyje3uy 


description 


This hexadecimal display contains a four-bit latch, decoder, driver, and 4 X 7 light-emitting-diode (LED) character with 
two externally-driven decimal pdints in a 14-pin package. A description of the functions of the inputs of this device 


follows. 

FUNCTION PIN NO. 
LATCH STROBE INPUT % 
BLANKING INPUT 8 
LATCH DATA INPUTS Sra, to; t2 
(A, B, C, D) 

DECIMAL POINT 4,10 
CATHODES 

LED SUPPLY 1 
LOGIC SUPPLY (Vcc) 14 
COMMON GROUND 7 


DESCRIPTION 


When low, the data in the latches follow the data on the latch data inputs. 
When high, the data in the latches will not change. If the display is blanked 
and then restored while the enable input is high, the previous character 
will again be displayed. 


When high, the display is blanked regardless of the levels of the other 
inputs. When low, a character is displayed as determined by the data in the 
latches. The blanking input may be pulsed for intensity modulation. 


Data on these inputs are entered into the latches when the enable input is 
low. The binary weights of these inputs are A= 1,B = 2,C=4,D=8. 


These LEDs are not connected to the logic chip. If a decimal point is used, 
an external resistor or other current-limiting mechanism must be connect- 
ed in series with it. 


This connection permits the user to save on regulated Vcc current by 
using a separate LED supply, or it may be externally connected to the 
logic supply (Vcc). 


Separate Vcc connection for the logic chip. 


This is the negative terminal for all logic and LED currents except for the 
decimal points. 


The LED driver outputs are designed to maintain a relatively constant on-level current of approximately five 
milliamperes through each of the LED’s forming the hexadecimal character. This current is virtually independent of the 
LED supply voltage within the recommended operating conditions. Drive current varies slightly with changes in logic 
supply voltage resulting in a change in luminous intensity as shown in Figure 2. This change will not be noticeable to 
the eye. The decimal point anodes are connected to the LED supply; the cathodes are connected to external pins. Since 
there is no current limiting built into the decimal point circuits, this must be provided externally if the decimal points 


are used. 


The resultant displays for the values of the binary data in the latches are as shown below. 
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TIL311, TIL311A 
HEXADECIMAL DISPLAY WITH LOGIC 


functional block diagram 


LED 
SUPPLY 


LATCH B 
DATA 


NS c DRIVER 


CONSTANT 
DECODER CURRENT 


LATCH BLANKING 
STROBE INPUT 
INPUT 
LEFT RIGHT 
DECIMAL DECIMAL 
POINT POINT 
CATHODE CATHODE 


absolute maximum ratings over operating case temperature range (unless otherwise noted) 


Logic Supply Voltage, Vcc (See Note 1) DO ee BS re Oe RE ie oa rae ree 7V 
CED Supply Voltage. (Sea Bote 1) 3. ale bes 5 0m Ae heel & pe dea do ee sa te Ge awa uesac tae ray os 7V 
input Voltage (Pirie: 2, 9./5,'8; 12, 13) Gee Nate Tie. aac skh km 6 ae 8 SS ae Se we ws SY 
Decimal Point Current ice dy pen ew ss Ow See CURSED ce fe car eters “Rie est Ta on) come) beninen Ne ear at SOU 
Operating Case Temperature Range (See Note 2) - . - - - ee ee ee ee ee ee ee 0°C to 85°C 
Storage Temperature Range ees Sad ibn we oe lagsiieee Re, oar. Ren cco ke nace a —25°C to 85°C 


NOTES: 1. Voltage values are with respect to common ground terminal. 
2. Case temperature is the surface temperature of the plastic measured directly over the integrated circuit. Forced-air cooling may 
be required to maintain this temperature. 
recommended operating conditions 


MIN NOM MAX UNIT 


Intelligent LED Displays 


Logic Supply Voltpe VGE ahs eats s <Bea ao 8 w5 42 Schow O5w w Olas ees oe 45 5 65 Vv 
ESSER SONY Oi emia MIEN OPTS Cotta ao eco: ga ka koe gd hae Goda we whee, Patan GS gear Re 4. 5 55 Vv 
Decimal Poinvearent \RiMpy sass hee sas oak was Sale ate Hema gees ee he 5 mA 
Late Strame: Pulse: Deirati onic they: severe 8% sicesv. x svete acac eis sid buehalnkce k SUES RE ae oe ee 40 ns 
SS CUIED Wier Cat) sede tae o ace mse ge ee sc ciap seat eRioa, ao iio (6 ioucpnigs-Srieualtsl 6 lTof Bae cae oa RCN Om 50 ns 
PONE Ui Sat?) gir cae om olin Laker Gon <a ee ee Pea TOMER eT GP See oe ON PR ree, 40 ns 
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Operating characteristics at 2D \ Case temperature 


PARAMETER TEST CONDITIONS 


Average Per 
Luminous Intensity (See Note 3) haracter LED| See Note 4 


Each decimal 


Xp Wavelength at Peak Emission Vec=5V, VLeD=5V, 
Ar Spectral Bandwidth lF(DP) = 5mA, See Note 5 


Vin High-Level Input Voltage aaa | 


Vit Low-Level Input Voltage 

Vik Input Clamp Voltage Voc =4.75V, I)=—-12mA 
Input Current at Maximum Input Voltage Voc=55V, Vi=55V 

'}H High-Level Input Current Vec=55V, Vj=24V 

'jL Low-Level Input Current Vec=5.5V, Vi=04V 


Icc Logic Supply Current Vec=55V, VLED=55V, 
ILED LED Supply Current lF(pp) = 5mA, All inputs at 0 V | 45-90] ma | 


NOTES: 3. Luminous intensity is measured with a light sensor and filter combination that approximates the CIE (International Commission 


on Illumination) eye-response curve. 
4. This parameter is measured with AH displayed, then again with E displayed. 
5. These parameters are measured with displayed. 


TYPICAL CHARACTERISTICS 


RELATIVE SPECTRAL CHARACTERISTICS 


= 
Fs 
5 
= 
3 
3 
£ 
€ 
5 
Fe 
$ 
3 
r 
« 
600 620 640 660 680 700 
}—Wavelength—nm 
FIGURE 1 
RELATIVE LUMINOUS INTENSITY RELATIVE LUMINOUS INTENSITY 
vs vs 
LOGIC SUPPLY VOLTAGE CASE TEMPERATURE 
a o 
18 T ke 4 
rf 
# VLED=5V is dees 
8 14h Te=28°C —-—_+-—_+_ +++ x) co =| 
: | || = 
a < 
3 tp 3 
= 
s Y > 
2 2 
= o8 + Fe 
2 z 
> 08 4 = 
§ oe +. htt § 
Ez | = 
g 02 [ 3 
§ 0 oe § 01 oo =) 
45 5 55 o 0 202 MW 4 50 6 70 
Vec—Logic Supply Voltage—V Tc—Case Temperature—"C 
FIGURE 2 FIGURE 3 
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Applications 7 
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Infrared Emitters and Phototransistors 
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1N5722 THRU 1N5725 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 


D974, MARCH 1972—REVISED APRIL 1987 


JEDEC-REGISTERED VERSIONS OF TIL601 THRU TIL604 


e Recommended for Application in Character Recognition, Tape and Card 
Readers, Velocity Indicators, and Encoders 


e Unique Package Design Allows for Assembly into Printed Circuit Boards 


*mechanical data 


COLLECTOR 
0,483 (0.019) 


0,228 (0.009) 


CERAMIC 0,254 = 0,026 
x iD 
SS, a (0,010 + 0.001)" 


2,337 (0.082) 


1,550 (0.061) 
DEA 2,133 (0.084) 


1,473 (0,058) 


EMITTER: 
1,702 (0.067) 
1,600 (0.063) 0,254 (0.010) 
0,127 (0. 
2,235 (0.088) oa 
2,083 (0.082) 
3,175 (0.125) 
2,591 (0.102) FOUR TIMES 


ACTUAL SIZE 


0,610 (0.024) 
0,406 (0.016) 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


*absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


Infrared Emitters and Phototransistors 


ed ee ee ee le er ee 
Rina WORE ste retarie el UR LAORMAT Sc k k O E w ee e 7V 
Continuous Device Dissipation at (or below) 25°C Case Temperature (See Note 1) a ae: eke Stay 
Operating Gass Temperate Bange) 6c se kk kw ee we el ow Be | | SS Oto 126-e 
Storage Temperature Range EIRP aE sos ee Sys “Goee Re Coen Oe cee ae —65°C to 150°C 
Scltaninuy heropetatire Gerseconeey = sk Puc) bc en Ge ey Se eens eee he a aS 


*electrical characteristics at 25°C case temperature (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP MAX|UNIT 
V(BR)CEO Collector-Emitter Breakdown Voltage I¢=100yuA, Eg=0 ALLO (S0stoe sy | 
Vi(BR)ECO Emitter-Collector Breakdown Voltage le = 100A, Ee=0 


Vee = 30, Ee=0 [att [|__| na | 


= E.=0, 
Dark Current VcE ead e = 0. ALL 
Tce = 100°C 


[ins722/0.5 3 | 
; Voe=5V, 9 20mwien@fansrea]_2 8 | 
Light Current See Note 2 [ins724[ 4 8 | 


: : I¢ = 0.4 mA, Ee = 20 mW/cm2, 
VCE(sat)  Collector-Emitter Saturation Voltage Bi erat ALL 0.15 V7] 


NOTES: 1. Derate linearly to 125°C at the rate of 0.5 mW/"C. 
2. Irradiance (Eg) is the radiant power per unit area incident upon a surface. For this measurement the source is an unfiltered 
tungsten linear-filament lamp operating at a color temperature of 2870 K. 


Ol 


*JEDEC registered data. This data sheet contains all applicable JE DEC registered data in effect at the time of publication, 
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1N5722 THRU 1N5725 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 


*switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS Pee oa TYP MAX |UNIT 


t, Rise Time Vec=30V, I, =800nA, 
te Fall Time RL =1k2, See Figure 1 ee 


*PARAMETER MEASUREMENT INFORMATION 
See Note a ~* 


OUTPUT 
See Note b 


| I 
=i: te a ama 


TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM 


FIGURE 1 


NOTES: a. Input irradiance is supplied by a pulsed xenon bulb source. Incident irradiation is adjusted for i, = 800 HA. 
b. Output waveform is monitored on an oscilloscope with the following characteristics: tp < 25 ns, Ri, > 1 MQ, Cin < 20 pF. 


«JEDEC registered data 


TYPICAL CHARACTERISTICS 


COUPLING CHARACTERISTICS RELATIVE OUTPUT NORMALIZED LIGHT CURRENT 
“ “ ve 
OF 1N5723 WITH TIL23 OR TIL24 CASE TEMPERATURE OF SOURCE AND SENSOR ANGULAR DISPLACEMENT 


Relative Output 
° 
& 


| 


Output Current-—mA 


Normatized Light Current — 1 


os SOURCE —— SENSOR 
TIL23 of TIL24 1NS722—1N5725 
o4 ip =50 mA — Vce=5Vv 
o2} + f { 
° 
0.01 0.02 0.04 0.0701 02 04 071 -75 -50 -25 0 2 50 75 100 125 
Distance Between Lenses—in T—Case Temperature of Source and Sensor—°C ©—Angular Displacement 
FIGURE 2 FIGURE 3 FIGURE 4 
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1N5722 THRU 1N5725 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 


TYPICAL CHARACTERISTICS 


1N5723 
COLLECTOR CURRENT 
COLLECTOR CURRENT % 
i COLLECTOR-EMITTER VOLTAGE 


COLLECTOR-EMITTER VOLTAGE 


t < 
5 i 
F3 
3 5 
(ame 8 
A ¥ 
3 3 
Sis, 8 
lo ; 
4 % 
o 0.05 or 015 02 025 03 °o 4 8 2 16 20 
Vee —Collector-Emitter Voltage—V Vee —Collector-E mitter Voltage—V 
FIGURE 5 FIGURE 6 
1N5723 
COLLECTOR-EMITTER SATURATION VOLTAGE COLLECTOR CURRENT 
“s “ 
IRRADIANCE IRRADIANCE 


1¢-Collector Currant—mA 


VCE (sat) COllector-Emitter Saturation Voltage—V 


20 30 40 50 60 70 80 


2 
E_—Irradiance—mW/em? Eg—trradiance—mW/em 


FIGURE 7 FIGURE 8 
DARK CURRENT RELATIVE OUTPUT 
“ “ 
CASE TEMPERATURE MOOULATION FREQUENCY 


50 -25 ° 2 850 8975 «6100 «125 10 20 40 100 
°, 
To—Case Temparature—"C ‘mod Modulation Frequency—kHz 


FIGURE 9 FIGURE 10 


NOTE 2: Irradiance(E,)is the radiant power per unit area incident upon a surface. For this measurement the source is an unfiltered tungsten 
linear-filament lamp operating at a color temperature of 2870 K. 
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Infrared Emitters and Phototransistors 
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1N5722 THRU 1N5725 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 


TYPICAL CHARACTERISTICS 


RELATIVE SPECTRAL CHARACTERISTICS 
Output of Tungsten 
Response of Human Eye Source at 2870 K 


ee 
4 AG a ine 
ee Ae ee 


Sa — Wavelength — um 


12 


oa 
o 


° 
& 


Output of 


Response of 
1N5722 thru 1N5725 


° 
b 


Relative Spectral Response or Output 
° 
a 


° 
iS) 


pce 


FIGURE 11 


TEXAS INSTRUMENTS CUSTOMIZED OPTOELECTRONIC ARRAYS 


The 1N5722 through 1N5725 series is available mounted in printed circuit boards for custom-designed array or matrix 
applications. The array is a complete unit, without the problems associated with small, difficult-to-handle components. 
These arrays can be designed for punched-card or tape readers, position indicators, pattern and character recognition, 


shaft encoders, and many other special applications. 


Texas Instruments custom-array techniques offer many advantages: 
@ The arrays are pre-assembled and tested, ready for installation. 
@ Custom arrays can be manufactured in almost any configuration to allow maximum design flexibility. 
@ Sensitivity across an entire array will be matched to within 50%. 


@ GaAs sources can be furnished to give complete solid-state matched sets for specific applications. 


@ Arrays with components firmly soldered into place on both sides of a printed circuit board are more 


rugged than individually wired sensing devices. 


Specifying optoelectronic arrays is easy; all that is required is a print of the array and the desired specifications. 


TI sales engineers will assist in developing specifications for special applications. 
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TIL23, TIL24, TIL25 
P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODES 


D2132, FEBRUARY 1970—REVISED APRIL 1987 


DESIGNED TO EMIT NEAR-INFRARED 
RADIATION WHEN FORWARD BIASED 
Output Spectrally Compatible with Silicon Sensors 
High Power Efficiency 
High Power Output 
Small Size Permits Matrix Assembly Directly into Printed Circuit Boards 


High Radiant Intensity 


TIL24HR2* Includes High-Reliability Processing and Lot Acceptance 
(Refer to TIL24HR2 for Summary of Processing) 


mechanical data 


0,254 + 0,026 
1,702 (0.067) 
1,600 (0.063) (0.010 = 0.001) 


2—CATHODE 


0,49 (0. aa hes, 1,610 (0.024) 
0,23 (0.009) 0,406 (0.016) 


a (0.122) 


4 TIMES 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES ACTUAL SIZE 


Infrared Emitters and Phototransistors 


Ol 


absolute maximum ratings 


—65°C to 150°C 
240°C 


Reverse Voltage at 25°C Case Temperature | Pre as 2V 
Continuous Forward Current at 25°C Case a ee (See Note 1) Mes a ee ee ees TTR 
Operating Gése'Temperature Range |... 5. 1 ba hw ed. Bs es ce H65°C to 126°C 


Storage Temperature Range 4 
Soldering Temperature (10 ee 


*All electrical and mechanical specifications for the T|L24 also apply for TIL24HR2. 


NOTE 1: Derate linearly to 125°C case temperature at the rate of 1 mA/*C. For pulsed operation at higher currents, see Figures 8 and 9. 


PRODUCTION DATA documents contain information Copyright © 1983, Texas Instruments Incorporated 
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TIL23, TIL24, TIL25 
P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODES 


operating characteristics at 25°C case temperature 


TIL23 TIL24 TIL25 


MIN TYP MAx| MIN TYP MAX| MIN TYP max|~™" 
ee eenO = lho 
At EE 
mie S| ¥ | 


PARAMETER TEST CONDITIONS 


Radiant Power Output 


Xp Wavelength at Peak Emission 
Ad Spectral Bandwidth 
Half-Intensity Beam Angle 


Ve Static Forward Voltage 


TYPICAL CHARACTERISTICS 


RELATIVE SPECTRAL CHARACTERISTICS 


Output of Tungsten 
Source at 2870 K 


$10}SISUBI}JO}OYd Pue S19}}IWA pseu 


Response of 
Silicon 
Phototransistors 


Relative Spectral Response or Output 


A—Wavelength—um 


FIGURE 1 
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TIL23, TIL24, TIL25 
P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODES 


TYPICAL CHARACTERISTICS 


RELATIVE PHOTON INTENSITY RELATIVE POWER OUTPUT 
vs vs 
ANGULAR DISPLACEMENT CASE TEMPERATURE 
bene) ———— — 
1.0 
- 
z + oO 
4 e 
5 08 2 D 
= 5 — 
e ° ” 
i) 5 tg 
8 06 3 o 
ca 2 2 es 
8 < 8 oo Lt se | 3) 
g 04 8 2 0.07 = = 4 
fi 6 vag at ea ie { ° 
A} 0.04 pz toma, = 
0.2 be i. + a 
0.02 { + so} 
[| & 
o oO oO Oo oO a oO o 0.01 pam = S 
30 20 10' ty) 10 20 30 -75 -50-25 0 25 50 75 100 125 7) 
6—Angular Displacement To Case Temperature—°C oO 
~~ 
= 
FIGURE 2 FIGURE 3 £ 
Ww 
no) 
CHANGE IN WAVELENGTH OF PEAK INTENSITY RELATIVE POWER OUTPUT © 
vs vs oc 
E CASE TEMPERATURE FORWARD CURRENT = 
I 
2 30 T r £ 
Ie = constant 
18 F 
w 
& 20} — 5 
% 
3 3s 
=  10+-— 4 g 
: 6 
a 3 
5 2 07 
rs 5 
a) !0 | a al ae 
3 a a a I | 
8 
San nerd ll 
; ill 
C4 
4 
-30 0.1 
Fie 60) 325: 0 2) 60 «75 100 125 “10 20 40 70100 200 400 1000 
To—Case Temperature—*C | -—Forward Current—mA 
FIGURE 4 FIGURE 5 


NOTE 2: These parameters must be measured using pulse techniques: ty = 0.04 ms, duty cycle < 10%. 
Normalized to output at Ip = 50 mA, Tc = 25°C. 
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TIL23, TIL24, TIL25 
P-N GALLIUM ARSENIDE INFRARED-EMITTING DIODES 


TYPICAL CHARACTERISTICS 


TIL23 COUPLING CHARACTERISTICS OF TIL23, TIL24, AND 
FORWARD CONDUCTION CHARACTERISTICS TIL25 WITH TIL602 
100 T 
See Note 2 
90 - TIL602 
z= Voce =2V 

_ 
> ae, 
=> ae 
Py) 70 ¢ 1L23 | 7 

4 — 
® § . 

£ e Se oe Se 
a 3 £ ey 
“Wie eat 
3 5° aime 
> a 36 poy 

u 30 — 
. = == 

el 
a = a 
0 = a Hes 
a nae 
fo% 0 le 
~U 0.9 1.0 1.1 AD 1.3 1.4 15 0.01 0.02 0.04 0.0701 02 04 07 1 
S Ve—Forward Voltage—V Distance Between Lenses—in 
oe 
So Bouse Ss FIGURE 7 
Py NOTE 2: These parameters must be measured using pulse techniques: ty, = 0.04 ms, duty cycle < 10%, 
=| 
(7) THERMAL CHARACTERISTICS 
=. 
” 
faa 
° MAXIMUM PULSE WIDTH MAXIMUM DUTY CYCLE 
n” vs vs 
FORWARD CURRENT FORWARD CURRENT 


Maximum Duty Cycle—% 


Maximum Pulse Width—ms 


1) 100 200 300 400 500 100 200 400 700 #81000 
\-—Forward Current—mA \¢—Forward Current—mA 
FIGURE 8 FIGURE 9 
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TIL24HR2 
HIGH-RELIABILITY PROCESSING AND LOT ACCEPTANCE 


|S a 8 SS SS EE SET 


@ This processing applies only to devices ordered under the part number TIL24HR2 


@ For electrical and mechanical specifications, refer to TIL24 data sheet 


This processing and lot acceptance follow the sequence of tests in MIL-S-19500 for JANTX types. This is not to 
be construed to be a JANTX-qualified part. A detail specification is available upon request through your TI Field Sales 
Office, local authorized TI distributor, or by writing directly to: 

Texas Instruments Incorporated 

LITERATURE RESPONSE CENTER 

P.O. Box 809066 

Dallas, Texas 75380-9066 


MIL-STD-750 
TEST METHOD 
100% Processing 


Storage: Ta = 125°C, t = 24h 1032 
Temperature Cycle: —55°C to 125°C, 10 cycles 1051 
Constant Acceleration: 20,000 G, Yq axis 2006 
Power Burn-in: IF = 50 mA, t = 168h 1039 
Hermetic Seal, Fine 1071 Cond. G or H 
Hermetic Seal, Gross 1071 Cond. C or D 
External Visual 2071 


Product Acceptance 
Group A: LTPD = 5 


External Visual 2071 


Electrical: Ta = 25°C per detail spec 


Group B-1: LTPD = 15 
Solderability 2026 

Group B-2: LTPD = 10 
Thermal Shock 1051 Cond. B-1 
Hermetic Seal, Fine 1071 Cond. G or H 
Hermetic Seal, Gross 1071 Cond. Cor D 


Group B-3: LTPD = 5 
Steady-State Operating Life: t = 340 h 1027 
Group B-4: 
Decap, Internal Visual; Design Verification 
1 Device/O Failure 
Bond Strength LTPD = 20 (C = 0) 


Infrared Emitters and Phototransistors 
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2075 
2037 Cond. A 


Group B-5: Not Applicable 


Group B-6: LTPD = 7 
High-Temperature Life (Nonoperating) 
t = 340h 


wy 
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HIGH-RELIABILITY PROCESSING AND LOT ACCEPTANCE 


a a a a 6 ES SST 


$10}SISUBI}OJOYY PUL SJ9}}IW Posesjul 


O1 


(Group C Tests are run on one lot every six months) 


Group C-1: LTPD = 15 
Physical Dimensions 

Group C-2: LTPD = 10 
Thermal Shock (Glass Strain) 
Hermetic Seal, Fine 
Hermetic Seal, Gross 
Moisture Resistance 
External Visual 

Group C-3: LTPD = 10 
Shock: 1500 G 
Vibration: 50 G 
Acceleration: 2000 G (X41, Y1, Y2 axis) 


Group C-4: LTPD = 15 
Salt Atmosphere 
Group C-5: Not Applicable 


Group C-6: \ = 10 
Steady-State Operating Life: t = 1000 h 
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MIL-STD-750 
TEST METHOD 


2066 


1056 Cond. A 
1071 Cond. G or H 
1071 Cond. C or D 

1021 
2071 


2016 
2056 
2006 


1041 


TIL131 THRU TIL133 
9-ELEMENT ARRAYS AND 9-CHANNEL PAIR 


01092, SEPTEMBER 1971—REVISED SEPTEMBER 1989 


TIL131 . . . 9-ELEMENT GALLIUM ARSENIDE IRED ARRAY 
TIL132 . . . 9-ELEMENT PHOTOTRANSISTOR ARRAY 
TIL133 . .. 9-CHANNEL PAIR 


e Center-to-Center Spacing of 2,54 mm (0.100 inch) for Tape Reading 
e Reliable Solid-State Components 
IREDs Eliminate Lamp-Filament-Sag Problems 


e Spectrally Matched for Improved Performance 
e Printed Circuit Board Construction Allows Precise Alignment 


description 


The TIL131 is an array of nine TIL23 gallium arsenide infrared-emitting diodes mounted in a printed circuit board. 
The TIL132 is an array of nine selected LS600 phototransistors. The TIL133 is a pair of selected arrays 
comprising a TIL131 and TIL132 and offering specified channel performance. 


mechanical data 
The printed circuit board material is glass-base NEMA standard FR-4, class II, 0.6-kg/m? (2-0z/ft?) copper-clad 
on each side. The approximate weight of the TIL131 and TIL132 is 3.7 grams each. 


7,620 + 0,051 0,838 (0.033} 
(0.300 + 0.002) weer ey DIA feet lh PHOTOTRANSISTORS 
(See Note) SAGE ROG 0,896 ,(0.087) oR 

4 MOUNTING HOLES 18 WIRE HOLES IR-EMITTING DIODES 


15,240 + 0,051 
(0.600 + 0.002) 
(See Note) 


25,66 (1.010) 
25,14 (0.990) 


2,540 + 0,051 
5,21 (0.205) (0:10 = 0.002 ® PLACES 
4,95 (0.195) TOLERANCE NONACCUMULATIVE 
7,671 (0.302) (See Note) 
5,21 (0.205) 7,569 (0.298) 
4,95 (0.195) 35.560 + 0.076 
(1.400 + 0.003) 
45,974 (0.181) 
45,466 (0.179) 


1,74 (0.0685) 1,74 (0.0685) 


1,43 (0.0565) ccemeas 7,43 (0.0565) 
1,45 (0.057) ganic 0,94 (0.037) bes) ea 
MAX MAX 


COLLECTOR 


CATHODE sae 


TIL131 TIL132 


SIDE VIEWS OF ACTIVE ELEMENTS 
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE: The tolerances shown for these dimensions apply to location of the mounting holes and the active elements only. Tolerance of + 0,13 mm 
(0.005 inch) applies for location dimensions of the wire holes. 


Copyright © 1989, Texas Instruments Incorporated 


PRODUCTION DATA documents contain information 

current as of publication date. Products conform to 

specifications per the terms of Texas Instruments 

Standard warranty. Production processing does not TEXAS 
necessarily include testing of all parameters. In STRUMENTS 
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TIL131 THRU TIL133 
9-ELEMENT ARRAYS AND 9-CHANNEL PAIR 


TIL131 absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
Reverse Voltage: ~........ tae’. Cine Letra otek Wath ds MPM ONT ON Tite MRE gO a W's Fe chi ov elle we 


Continuous forward current at (or below) 25°C free-air temperature (see Note 1) ................ 100 mA 
Operating free-air temperature FANGS os. os cies cree wees aes es enietiner eas <a eae as —65°C to 125°C 
Storage temperature range’ Wi oaers ASF A Rs Be Se cok shoes means ree —65°C to 150°C 
Soldering temperature:(10 SeCONdS) .......4...cdscincewesie> » Qilpmmrmu ree sp mei abihet aaiabnienis 240°C 


NOTE 1: Derate linearly to 125°C free-air temperature at the rate of 1 mW/°C. 


TIL131 operating characteristics of each element at 25°C free-air temperature range 


PARAMETER TEST CONDITIONS MIN 


Radiant power output 0.4 1 
Wavelength peak onion ee 
Spectal bani lp=50mA es 


- Half-intensity beam angle 
Ve Static forward voltage 1.25 Te 


TIL132 absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Collector-emitter voltage saws 5.6 & G5%.04% fae 78S oetl fe ote, ater Seth <oe Flos me 50 V 
EOGIBBI CONG CIOE VOT sae seicinnrnnsecncn sve soqsumicaantiaiasbareaien eotiStne spon dations Soaendthtic iets nn Tonepents ine otras th 

Continuous device dissipation at (or below) 25°C free-air temperature (see Note 2) .............. 50 mW 
Operating tree-air temperature sande 2... s,s ssccdusccam es hrs ete eco: MME een. —65°C to 125°C 
Storage teMPEratura.cango_wv aw mess ce rece swy te VOTE VETTT OTR TE ETE TT TUTTE ET ETT ETT —65°C to 150°C 
Soldering temperature,(10 seconds) | 25. Je: . Pi. gtd. Tatas SRS oc PEs dae cass aaenadee ccdipee sees 240°C 


NOTE 2: Derate linearly to 125°C free-air temperature at the rate of 0.5 mW/°C. 


TIL132 electrical characteristics at 25°C free-air temperature 
individual element characteristics 


PARAMETER 


Collector-emitter breakdown voltage 


TEST CONDITIONS 


TYP MAX] UNIT 
Ig = 100 pA, 7 


50 
Voe=30V, E,=0 100 
Voce =5V, E,=20mW/cm?, See Note 3 2 12 
Ic=0.4mA, E,=20mWicm?, See Note 3 


Emitter-collector breakdown voltage 
Ip Dark current 
I Light current 
Collector-emitter saturation voltage 


element matching characteristics 


TEST CONDITIONS 


PARAMETER 


ILmin 
— Light current matching factor Vee = SV, E,=20mWicm?, See Note 3 0.5 


Imax 


NOTE 3: Irradiance (E,) is the radiant power per unit area incident upon a surface. For this measurement, the source is an unfiltered tungsten 
linear-filament lamp operating at a color temperature of 2870 K. 
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TIL131 THRU TIL133 
9-ELEMENT ARRAYS AND 9-CHANNEL PAIR 


TIL133 absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
Maximum ratings of TIL131 and TIL132 apply. 


TIL133 electrical characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS' MIN TYP MAX 


Io Output collector current Ip = 50 mA, Voge =5V 2.5 4 10{ mA | 
Veeisat) _ Collector-emitter saturation voltage I; = 50 mA, Io=2mA 04 07 


TIL133 switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS! MIN TYP MAX]! UNIT 


alltime R=1000, _SeeFigve1 [| 15] | 


t These parameters are measured at a lens-to-lens distance of 0.100 inch. 


PARAMETER MEASUREMENT INFORMATION 


47Q 


INPUT ADJUST AMPLITUDE OF INPUT PULSE 
a (See Note A) FOR Icion) = 2 mA 
\ INPUT j | 
ti) 
(See Note B) 


R, = 1002 


OUTPUT > et > 
| } 

| 

OUTPUT | 

| 


jet 
| 
| 
| 


10% 


TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: A. The input waveform is supplied by a generator with the following characteristics: Z.., = 50 Q, t, < 15 ns, duty cycle ~ 1%, t, = 100 ps. 
B. The output waveform is monitored on an oscilloscope with the following characteristics: t, < 12 ns, Ri, = 1 MQ, C;,, = 20 pF. 


FIGURE 1. SWITCHING TIMES 


% 


TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 * DALLAS, TEXAS 75265 5-15 


Infrared Emitters and Phototransistors 


Ol 


O3fm S10}SISUIJO}OYY PUe SJ9}}IW pasedjuy 


TIL131 THRU TIL133 


9-ELEMENT ARRAYS AND 9-CHANNEL PAIR 


TYPICAL CHARACTERISTICS 


TIL133 
COUPLING CHARACTERISTICS 


Output Current Relative to Value at 0.100 in 


0.01 
0.01 0.02 0.04 01 #O2 04 1 

Distance Between Lenses — in 

FIGURE 2 

TIL131 
RELATIVE POWER OUTPUT 

vs 
FORWARD CURRENT 


10) 
ae 


Relative Power Outputt 


0. 
10 20 40 
| p— Forward Current - mA 


100 200 400 


FIGURE 4 


Tt Normalized to output at I; = 50 mA, Tg = 25°C. 


TIL131 
FORWARD CONDUCTION CHARACTERISTICS 


100 
or 
90 


| -— Forward Current —-mA 
a 
o 


0.9 1.0 14 12.13 1A 15 
Ve — Forward Voltage — V 


FIGURE 3 


TIL131 
RELATIVE PHOTON INTENSITY 
vs 
ANGULAR DISPLACEMENT 


Relative Photon Intensity 


20° 
6— Angular Displacement 


10° o° 10° 


FIGURE 5 


NOTE 4: These parameters were measured using pulse techniques: ty = 0.04 ms, duty cycle < 10%. 
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25°C-—nm 


Ahp-Wavelength Change from Value at Ty 


TIL131 THRU TIL133 
9-ELEMENT ARRAYS AND 9-CHANNEL PAIR 


TYPICAL CHARACTERISTICS 
TIL131 TIL132 
CHANGE IN WAVELENGTH OF PEAK INTENSITY NORMALIZED LIGHT CURRENT 
vs vs 
FREE-AIR TEMPERATURE ANGULAR DISPLACEMENT 
30 
20 
a 
2 
10 5 
5 
oO 
0 =) 
a n 
-10 E 2 
E g 
a 
-20 s 6 
0 0 
aay ee ee gee ee ee ew ae 50° 40° 30° 20° 10° 0° 10° 20° 30° 40° 50° 
Ta—Free-Air Temperature—°C 6—- Angular Displacement 
FIGURE 6 FIGURE 7 
TIL132 
DARK eer 
FREE-AIR TEMPERATURE 


Ip- Dark Current — nA 


-50 -25 0 25 50 75 100 125 


T,—Free-Air Temperature—°C 
FIGURE 8 
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TIL134 THRU TIL136 
12-ELEMENT ARRAYS AND 12-CHANNEL PAIR 


01093, SEPTEMBER 1971—REVISED SEPTEMBER 1989 


TIL134 ...12-ELEMENT GALLIUM ARSENIDE IRED ARRAY 
TIL135 .. . 12-ELEMENT PHOTOTRANSISTOR ARRAY 
TIL136 . .. 12-CHANNEL PAIR 


e Center-to-Center Spacing of 6,3 mm (0.250 inch) for Tape Reading 
e Reliable Solid-State Components 

e IREDs Eliminate Lamp-Filament-Sag Problems 

e Spectrally Matched for Improved Performance 

e Printed Circuit Board Construction Allows Precise Alignment 


description 


The TIL134 is an array of twelve TIL23 gallium arsenide infrared-emitting diodes mounted in a printed circuit 
board. The TIL135 is an array of twelve selected LS600 phototransistors. The TIL136 is a pair of selected arrays 
comprising a TIL134 and TIL135 and offering specified channel performance. 


mechanical data 
The printed circuit board material is glass-base NEMA standard FR-4, class II, 0.6-kg/m? (2-0z/ft?) copper-clad 
on each side. The approximate weight of the TIL134 and TIL135 is 8.5 grams each. 


TIL134, TIL135 PHOTOTRANSISTORS 
: 6,93 (0.245) 2566 0.101) oa 0,838 (0.033) 51, 
eo) 2,464 (0.097) 0,686 (0.027) IR-EMITTING DIODES 
3,93 (0.155) 4 MOUNTING HOLES 24 WIRE HOLES 


a’ Can Z mS Co OCC CCR CCA CUM 
( IG)! ©) ‘©! ©} IG) 
\ TESA A A 
7,620 + 0,051 tl tt | It tt a it 
(0.300 +0.002) 


6,350 £0,051 41 PLACES 
5,21 (0.205) (0.250 + 0.002) 
4,95 (0.195) 7,671(0.302) Toumanes NONACCUMULATIVE 
7,560(0.298) 85,090 + 0,076 
(3.350 + 0.003) 
95,51 (3.760) 
Naish 1,74 (0.0685) 
eat 7,43 (0.0668) 
: 1,02 (0.040) 
1,02 (0.040) MAX 
MAX 


COLLECTOR 
oo 


TIL135 


SIDE VIEWS OF ACTIVE ELEMENTS 
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE: The tolerances shown for these dimensions apply to location of the mounting holes and the active elements only. Tolerance of +0,13 mm 
(0.005 inch) applies for location dimensions of the wire holes. 


PRODUCTION DATA documents contain information 

current as of publication date. Products conform to 

specifications per the terms of Texas Instruments 

standard ett Production processing does not 
je tes’ 


necessarily inclu: sting of all parameters. TEXAS 
INSTRUMENTS 
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TIL134 THRU TIL136 
12-ELEMENT ARRAYS AND 12-CHANNEL PAIR 


TIL134 absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


Reverse voltage .....\.< tere axes tiene hit ee tees PER RE here <P EE eee chew en one 2V 
Continuous forward current at (or below) 25°C free-air temperature (see Note 1) ................ 100 mA 
Operating free-alr'temperature Tange: occ. .ae cine vewenaes se e846 8 de Vineelnns Haase mies —65°C to 125°C 
Storage temperature range . «grsswaeht weet cant. tek Oh oe 0S ee Seas. wee —65°C to 150°C 
Soldering temparanire (10'SEGONAS) | os..:6j69:0 50.0 5 oe Mee eee Soles Se pe eee ar gee Oe an srcn 240°C 


NOTE 1: Derate linearly to 125°C free-air temperature at the rate of 1 mW/°C. 


TIL134 operating characteristics of each element at 25°C free-air temperature range 


PARAMETER MIN TYP MAX] UNIT 


TEST CONDITIONS 


Po Radiant power output 

a 
A Spectral bandwidth Ip =50 mA ae pray ey ee 
6u) Half-intensity beam angle 


Ve Static forward voltage 1.25.15 


TIL135 absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 


ROCHON SORNSELOT MONE R aacass5Sh e 5s5 shghh> SHAT Sosproicitn Beis tat al Noe eeimthlie ce waste easiness omic 50 V 
SS pmele (ere CTR Sc os i is pee eee ee Recreate ene ete nc 5 eae 7V 
Continuous device dissipation at (or below) 25°C free-air temperature (see Note 2) .............. 50 mW 
@perating:free-air tetMiperatuine Tange... 62... cinaces pollute Uiluh ovcebecs over sous ceeme —65°C to 125°C 
BtOrAage tomperaturevanOM es. wo kes eede ct eer eecae + crs voce sobs wo gis eae —65°C to 150°C 
OOS temperate (lO. GECONOS)) os: hese «ner sie albins ce Rom ss adios His TMNT Das Eid, ots a a's 240°C 


NOTE 2: Derate linearly to 125°C free-air temperature at the rate of 0.5 mW/°C. 


TIL135 electrical characteristics at 25°C free-air temperature 
individual element characteristics 


PARAMETER 
ee ee eee ree 
= 100 1 av 
i | akomet Vega eye) ema 100] oA] 
| tgtearens "Wave, El ao | Ba <a 


= cat Collector-emitter saturation voltage |I¢=0.4mA, E, = 20 mWicm?, 
element matching characteristics 


PARAMETER TEST CONDITIONS MIN TYP MAX] UNIT 


See Note 3 


Light current matching factor Voce =5V, E,=20mWicm?, See Note 3 


NOTE 3: Irradiance (E,) is the radiant power per unit area incident upon a surface. For this measurement, the source is an unfiltered tungsten 
linear-filament lamp operating at a color temperature of 2870 K. 
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TIL134 THRU TIL136 
12-ELEMENT ARRAYS AND 12-CHANNEL PAIR 


TIL136 absolute maximum ratings at 25°C free-air temperature (unless otherwise noted) 
Maximum ratings of TIL134 and TIL135 apply. 


TIL136 electrical characteristics at 25°C free-air temperature 


|; = 50 mA, Io =2mA 


Voce(sat) Collector-emitter saturation voltage 


TIL136 switching characteristics at 25°C free-air temperature 


PARAMETER TEST CONDITIONS! 


PARAMETER TEST CONDITIONSt MIN TYP MAX] UNIT 


lo Output collector current Ip = 50 mA, Vor =5V 2.5 4 10 


: Fall time R, = 100 Q, See Figure 1 1 


T These parameters are measured at a lens-to-lens distance of 0.100 inch. 


PARAMETER MEASUREMENT INFORMATION 


47Q 
INPUT ADJUST AMPLITUDE OF INPUT PULSE 
L (See Note A) FOR Icon) = 2 mA 
\ INPUT | | 
i) 
(See Note B) | 


R, = 1002 


OUTPUT > «et a> fey 
| 
| | 
OUTPUT | | 
| | 


10% 10% 


TEST CIRCUIT VOLTAGE WAVEFORMS 


NOTES: A. The input waveform is supplied by a generator with the following characteristics: Z,., = 50 Q, t; = 15 ns, duty cycle ~ 1%, t,, = 100 us. 


B. The output waveform is monitored on an oscilloscope with the following characteristics: t, < 12 ns, Ri, = 1 MQ, C;, < 20 pF. 


FIGURE 1. SWITCHING TIMES 
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TIL134 THRU TIL136 
12-ELEMENT ARRAYS AND 12-CHANNEL PAIR 


TYPICAL CHARACTERISTICS 


TIL136 TIL134 
COUPLING CHARACTERISTICS FORWARD CONDUCTION CHARACTERISTICS 
< = 
8 
Ss 
3 < 
3 di 
s . 
4 og | coe! hee col Lend 1s es Nal ° 
s es a! z 
: 1 SUH 
o L 
= \ Y 
5 eos =eobade Cee RN Re 0 SO 
E ometrem - a ys 
5 01 yee ea 
0.01 0.02 0.04 01 #02 0.4 1 0.9 10 83614 1.2 1.3 14- AS 
Distance Between Lenses — in Ve — Forward Voltage - V 
FIGURE 2 FIGURE 3 
TIL134 TIL134 
RELATIVE POWER OUTPUT RELATIVE PHOTON INTENSITY 
vs ‘Ss 
FORWARD CURRENT ANGULAR DISPLACEMENT 
< 
E 
8 H 
" Ss a Li (al 
a, OT Ha 5 a, a = 
3 ED eee 2 
= = 
A Ue | TN 
g FF SSS soos es owas 8 
3 F 
$ 3s 
Fs c 
3 
5 at 
10 20 40 100 200 400 1000 go” 20° ~~ «(10° o° 70> 20" ag 
I -— Forward Current —-mA 6— Angular Displacement 
FIGURE 4 FIGURE 5 


NOTE 4: These parameters were measured using pulse techniques: t,, = 0.04 ms, duty cycle < 10%. 
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= 25°C 


AAp-Wavelength Change from Value at Ta 


TIL134 THRU TIL136 
12-ELEMENT ARRAYS AND 12-CHANNEL PAIR 


TYPICAL CHARACTERISTICS 


TIL134 
CHANGE IN WAVELENGTH OF PEAK INTENSITY 
vs 


TIL135 
NORMALIZED LIGHT CURRENT 
vs 
ANGULAR DISPLACEMENT 


Optical Axis 


0 
50° 40° 30° 20° 10° 0° 10° 20° 30° 40° 50° 


FREE-AIR TEMPERATURE 

1.25 
= 1.00 

= 

2 
6 0.75 

= 

= 

a 
3 0.50 

P| 

w 

E 
2 0.25 

(00 
-75 -50 -25 0 25 50 75 100 125 
Ta—Free-Air Temperature—°C 
FIGURE 6 

TIL135 

DARK CURRENT 
vs 


FREE-AIR TEMPERATURE 


Ip— Dark Current-—nA 


Ta, —Free-Air Temperature—°C 


FIGURE 8 
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6 — Angular Displacement 


FIGURE 7 
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TIL601 THRU TIL604, LS600, LS602, LS611 THRU LS619 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 


D1971, NOVEMBER 1974—REVISED SEPTEMBER 1989 


DESIGNED FOR HIGH-DENSITY READ OUT 


Hermetically-Sealed Pill Package 


and Encoders 


of Processing) 


mechanical data 


COLLECTOR 


0,483 (0.019) 
0,228 (0.009) 


CERAMIC 
Se 7 LENS 0,254 + 0,026 RAD 


1,550 (0.061) DIA 
1,473 (0.058) 


1,702 (0.067) 
1,600 (0.063) 


2,235 (0.088) 

2,083 (0.082) 
2,921 (0.115) 
2,591 (0.102) 


Spectrally and Mechanically Compatible with TIL23 thru TIL25 
Saturation Level Directly Compatible with Most TTL 
TIL604HR2?t Includes High-Reliability Processing and Lot Acceptance (See TILG04HR2 for Summary 


Recommended for Application in Character Recognition, Tape and Card Readers, Velocity Indicators, 


Unique Package Design Allows for Assembly into Printed Circuit Boards 


~ (0.010 + 0.001) 


2,337 (0.092) 
2,133 (0.084) 


EMITTER 


| = 0,610 (0.024) 


0,254 (0.010) 0,406 (0.016) 


0,127 (0.005) 


Infrared Emitters and Phototransistors 


Ol 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES FOUR TIMES 


ACTUAL SIZE 


TAIl electrical and mechanical specifications for the TIL24 also apply for TIL24HR2. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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TIL601 THRU TIL604, LS600, LS602, LS611 THRU LS619 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 


absolute maximum ratings at 25°C case temperature (unless otherwise noted) 


(oo) letsleryetlia aks, (> | a one eae fe arr Yo QR, ROE es 2 AeA ae eee 50 V 
Exritter-collacter Voltage: oo si. u:< gos oc ais cis Siete coarse. bE tee SE eee oe ee ry¥ 
Continuous device dissipation at (or below) 25°C case temperature (see Note 1)......... 50 mW 
Coperating Case TeiNPEratUe TANGO... 6. ce ks ee ee ean eee nw ele ee On -—65°C to 125°C 
eS CHNIOTOUNE TONE - cs oa. 5 2s ois oa 0% bes oo ew ne eek ma ees —65°C to 150°C 
Soldering ‘temperature (1O%ssGoNag TS PPLE OL ee Seca sere cere ence 2 ate 240°C 


electrical characteristics at 25°C case temperature (unless otherwise noted) 


ViBR)CEO _Collector-emitter breakdown voltage | Ic = 100 yA, E, = 0 ; Al | 
ViBR)ECO _Emitter-collector breakdown voltage le = 100 pA, Eg =0 PAu | 
VcE = 30V, E, =0 pau | 


7 


Dark current Vce = 30V, Ee = 90, 
Tc = 100°C 


vee ae = nt. mwes* aoe 
— oF ee es 


Light current 


7 

5 6 7 
6 7 8 
7 8 9 


z : Ic = 0.4 mA, Eg = 20 mWicm2, 
VCE(sat) Collector-emitter saturation voltage Saa-Nate-2 Vv 


NOTES: 1. Derate linearly to 125°C at the rate of 0.5 mW/°C. 
2. Irradiance (Eg) is the radiant power per unit area incident upon a surface. For this measurement, the source is an unfiltered 
tungsten linear-filament lamp operating at a color temperature of 2870 K. 
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switching characteristics at 25°C case temperature 


PARAMETER TEST CONDITIONS 


Vee = 30, = 800A, 
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TIL601 THRU TIL604, LS600, LS602, LS611 THRU LS619 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 


PARAMETER MEASUREMENT INFORMATION 


See Note A x 


OUTPUT 
See Note B 


TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM 
NOTES: A. Input irradiance is supplied by a pulsed gallium arsenide infrared emitter with rise and fall times of less than 50 ns. Incident 


irradiation is adjusted for |_ = 800 yA. 
B. Output waveform is monitored on an oscilloscope with the following characteristics: tp < 25 ns, Ri, = 1 MQ, Cin < 20 pF. 


FIGURE 1 


TYPICAL APPLICATION DATA 


a 2N3330 
Ko oe 


a Infrared Emitters and Phototransistors 


OUTPUT 


FIGURE 2. LOW-LEVEL DETECTOR AND PREAMPLIFIER 
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TYPICAL APPLCIATION DATA 


10kQ 


FIGURE 3. OPTICALLY COUPLED AMPLIFIER 


22kQ 


2N3391 


0.1 uF 
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PHOTOTRANSISTOR 


FIGURE 4. LIGHT PULSE DETECTOR 
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OUTPUT 


-6V 


22Vv 


OUTPUT 


TIL601 THRU TIL604, LS600, LS602, LS611 THRU LS619 
N-P-N PLANAR SILICON PHOTOTRANSISTORS 


TYPICAL CHARACTERISTICS 


COLLECTOR CURRENT 
vs 
COLLECTOR-EMITTER VOLTAGE 


~d 0, 


\¢—Collector Current—mA 


0.15 0.2 
Veg —Collector-Emitter Voltage—V 


0 0.05 0.1 0.25 0.3 
FIGURE 5 


COLLECTOR-EMITTER SATURATION VOLTAGE 


vs 


IRRADIANCE 


0.24 


0.20 


0,16 


0.12 


0.08 


0.04 


Voce (sat) COllector-E mitter Saturation Voltage—V 


Ee—Irradiance—mW/cm2 


FIGURE 7 


\¢-Collector Current—mA 


|¢—Collector Current—mA 


COLLECTOR CURRENT 
vs 
COLLECTOR-EMITTER VOLTAGE 


\ TIL602 
Tc = 25°C 
See Note 2 


Eg= ‘ 
40 mW/cm2 4 


4 8 12 16 20 
Veg —Collector-Emitter Voltage—V 
FIGURE 6 


COLLECTOR CURRENT 
vs 
IRRADIANCE 


E_—Irradiance—mW/cm2 


FIGURE 8 


NOTE 2. Irradiance (Eg) is the radiant power unit area incident upon a surface. For this measurement, the source is an unfiltered tungsten 
linear-filament lamp operating at a color temperature of 2870 K. 
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TYPICAL CHARACTERISTICS 


DARK CURRENT 
vs 


CASE TEMPERATURE 


RELATIVE OUTPUT 
vs 
MODULATION FREQUENCY 
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a RELATIVE OUTPUT 
So COUPLING CHARACTERISTICS vs 
a OF TIL23 OR TIL24 WITH TIL602 CASE TEMPERATURE OF SOURCE AND SENSOR 
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FIGURE 11 FIGURE 12 
EXAS Mi 
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TYPICAL CHARACTERISTICS 


NORMALIZED LIGHT CURRENT 
vs 
ANGULAR DISPLACEMENT 


0.75 


Normalized Light Current — |; 


50° 40° 30°20° 10° 0° 10° 20° 30° 40° 50° 
©—Angular Displacement 
FIGURE 13 


RELATIVE SPECTRAL CHARACTERISTICS 


Output of Tungsten 
Response of Human Eye Source at 2870 K 


Infrared Emitters and Phototransistors 


= 
o 
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Response of 
Phototransistors 
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Relative Spectral Response or Output 
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— Wavelength — Lim 
FIGURE 14 
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TIL604HR2 
HIGH-RELIABILITY PROCESSING AND LOT ACCEPTANCE 


@ This processing applies only to devices ordered under the part number TILGO4HR2 


@ For electrical and mechanical specifications, refer to TIL604 data sheet 


This processing and lot acceptance follow the sequence of tests in MIL-S-19500 for JANTX types. This is not to 
be construed to be a JANTX-qualified part. A detail specification is available upon request through your TI Field Sales 
Office, local authorized TI distributor, or by writing directly to: 

Texas Instruments Incorporated 

LITERATURE RESPONSE CENTER 

P.O. Box 809066 

Dallas, Texas 75380-9066 


MIL-STD-750 
TEST METHOD 


100% Processing 


Storage: Ta = 125°C, t = 24h 
Temperature Cycle: ~55°C to 125°C, 10 cycles 
Constant Acceleration: 20,000 G, Y, axis 


High-Temperature Reverse Bias: 


Vce = 30V, 
Ta = 125°C, t = 48h 
Power Burn-in: 
Pp = 50 mW, 1039 
t = 168h 


Hermetic Seal, Fine 1071 Cond. G or H 
Hermetic Seal, Gross 1071 Cond. C or D 


External Visual 2071 


Product Acceptance 
Group A: LTPD = 5 
External Visual 
Electrical: Ta = 25°C 
Electrical: Ta = 100°C 


Group B-1: LTPD 15 
Solderability 2026 


Group B-2: LTPD 10 
Thermal Shock 1051 Cond. B-1 
Hermetic Seal, Fine 1071 Cond. G or H 


Hermetic Seal, Gross 1071 Cond. C or D 


Group B-3: LTPD = 5 
Steady-State Operating Life: t = 340 h 1027 


Infrared Emitters and Phototransistors 


Ol 
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TILGO4HR2 


HIGH-RELIABILITY PROCESSING AND LOT ACCEPTANCE 
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MIL-STD-750 
TEST METHOD 


Group B-4: 
Decap, Internal Visual; Design Verification 


1 Device/O Failure 2075 


Bond Strength LTPD = 20 (C = O) 2037 Cond. A 


Group B-5: Not Applicable 


Group B-6: LTPD = 7 
High-Temperature Life (Nonoperating) 
t = 340h 


(Group C Tests are run on one lot every six months) 


Group C-1: LTPD = 15 
Physical Dimensions 2066 


Group C-2: LTPD = 10 
Thermal Shock (Glass Strain) 1056 Cond. A 
Hermetic Seal, Fine 1071 Cond. G or H 
Hermetic Seal, Gross 1071 Cond. C or D 
Moisture Resistance 1021 
External Visual 2071 


Group C-3: LTPD = 10 
Shock: 1500 G 2016 
Vibration: 50 G 2056 
Acceleration: 2000 G (X41, Y1, Y2 axis) 2006 
Group C-4: LTPD = 15 
Salt Atmosphere 1041 


Group C-5: Not Applicable 


Group C-6: } = 10 
Steady-State Operating Life: t = 1000 h 
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TEXAS INSTRUMENTS QUALITY/RELIABILITY PROGRAM 
FOR OPTOELECTRONICS AND IMAGE-SENSING COMPONENTS 


QUALITY/RELIABILITY PROGRAM 
FOR OPTOELECTRONICS AND IMAGE-SENSING COMPONENTS 


Texas Instruments has an extensive commitment to produce semiconductor products with the highest quality 
and reliability performance possible. Tl monitors/controls the entire semiconductor process, from the earliest 
stages of device processing through completion of the final device. These monitored processes, which follow 
rigid quality standards, are illustrated in Table 1. To further emphasize this quality thrust, Tl incorporates quality 
reviews with many of our major customers. These reviews incorporate comparisons between customer incoming 
and.Tl outgoing inspection reports and in many cases have gained the customer confidence required for ship- 
to-stock implementation. Our continuing goal is to be the Number 1 supplier in the industry, and we have set 
up our QA program to meet this challenge. 


The broad spectrum of industrial/military applications demands that our products operate under adverse conditions 
and prolonged use. Please refer to Table 2 for our overall testing capability and to Table 3 for specific military 
standard test capability available at TI. 


Extensive facilities are used in our failure analysis laboratory to analyze in-house and field failures of TI devices. 
Inputs from this lab are instrumental in generating the actions necessary for continuous improvement of our 
products. Table 4 outlines our Failure Analysis Procedures and our test facilities. 


In summary, this chapter includes the following tables: 


Table 1 Typical Standard Device Flow 
Table 2 Overall Test Capability 

Table 3 Military Standard Test Capability 
Table 4 Failure Analysis Capability 


TEXAS INSTRUMENTS QUALITY POLICY 


For every product or service we offer 
we shall define the requirements that solve 
the customers’ problems, and 


WE SHALL CONFORM TO THOSE REQUIREMENTS 
WITHOUT EXCEPTION. 


For every job each Tler performs 
the performance standard is: 


DO IT RIGHT THE FIRST TIME. 
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TEXAS INSTRUMENTS QUALITY/RELIABILITY PROGRAM 
FOR OPTOELECTRONICS AND IMAGE-SENSING COMPONENTS 


Table 1. Typical Standard Device Flow 


Piece parts per device 


eat specification from incoming 
accepted inventory or front end 


al QC Monitor (Epoxy Coverage) Apply Mounting Epoxy 


in} QC Monitor (Oven Temperature) Mount Bars and Cure Epoxy 


% QC Monitor (Bar Alignment) Visual Inspection 


lesi QC Monitor (Machine Condition/Bond Parameters/Bond Strength) Bonding 


OG QC Monitor (Bond Visual) Bond Inspection 
| QC Monitor (Epoxy Mix, Machine Condition, Seal Integrity) Seal/Encapsulation 
iw QC Monitor (Electrical Test) Electrical 


Symbolization 


fi QC Monitor (V/M Inspect) Visual/Mechanical Inspection 


Sample Solderability Test 


Sample Temperature Cycle Test 


Pack 


QA Lot Acceptance 
and V/M Electrical 


Ship 


LI 
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TEXAS INSTRUMENTS QUALITY/RELIABILITY PROGRAM 
FOR OPTOELECTRONICS AND IMAGE-SENSING COMPONENTS 


Table 2. Overall Test Capability 


Test Capability 


Acceleration, Sustained 
(Centrifuge) 


Bond Strength 


Altitude (Barometric 
Pressure, Reduced) 


Electrostatic Susceptibility 
Flammability 

Moisture Resistance 
H.A.S.T. 


Particle Detection 
Acoustical (PIND) 
Electrical 


Pressure Cooker (Autoclave) 

Radiographic Inspection (X-Ray) 
Film 

Salt Atmosphere/Spray 


Seal 
Gross Leak 
Bubble 
Dye Penetrant 
Weight Gain 
Radioactive Tracer Gas 


Symbolization 
(Resistance to Solvents) 


Shock (Mechanical) 


Solderability, Meniscograph 
Solderability/Soldering 
Temperature Cycling 

Terminal Strength (Lead Integrity) 
Thermal Shock 

Ultrasonics 

Vibration, Fatigue 

Vibration, Random 


Vibration, Variable 


*Limited fixture availability. 


50 to 50,000 G (standard) 


0 to 25 grams 
150,000 ft simulated altitude 


MIL-STD-883, Method 3015 

800°C to 1100°C 

+2°C to 96°C, 40% RH to 100% RH 
+85°C to + 138°C, 40% RH to 100% RH 


2 1 microgram 
Intermittency = 1 us with 100-mV amplitude 


0 to 15 psig of steam pressure 


Resolution to 0.001 inch, 150 kV, 5 mA 
25°C to 45°C, up tp 20% salt solution 


>1X 10-5 atm cm3/s 
>5 X 10-6 atm cm3/s 
>2 X 1076 atm cm3/s 
>=1X 10-10 atm cm3/s 


To limits of: MIL-STD-202, Method 213 
MIL-STD-750 
MIL-STD-810, Method 516 
MIL-STD-883 


MIL-STD-883, Method 2022 

Up to 280°C 

-—65°C to +200°C 

Lead Fatigue, Tension, Torque 

-65°C to +200°C 

0 to 100 psi at 40 kHz or 25 kHz 

10 to 100 Hz, 5 to 70G 

20 to 2000 Hz, Power Spectral Density 1.3 G2/Hz 


5 to 2000 Hz as limited by 1 inch double 
amplitude and 60 inches/second velocity. 
O to 70 G (standard), 70 to 100 G (nonstandard) * 
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Table 3. Military Standard Test Capability 


Soldering Heat 


Temperature Cycling 


Terminal Strength 
Axial Lead 
Thermal Shock 


Acceleration, Sustained 
(Centrifuge) 


Particle Impact 
Noise Detection 
(PIND) 


Forward Instability 
Backward Instability 


Shock (Mechanical) t 


Aypiqeyay pue Ayyeno 


‘onditions A, C, or D 


All Conditions 
except Method 107, 
Conditions D & E 


All Conditions All Conditions 


MIL-STD-750 MIL-STD-883 
All Conditions All Conditions 
except G except G 
All Conditions All Conditions 
All Conditions PE PR 
All Conditions All Conditions All Conditions 
| All Conditions 
All Conditions All Conditions 
All Conditions All Conditions 
All Conditions All Conditions 
All Conditions All Conditions 
All Conditions x 
All Conditions 
except Method 1051, 
except E 
All Conditions 
” eer pO weer econ | 
All Conditions 
Method 2001, 


C 
Ab ceniens | RT oes 
All Conditions | malta) ‘ce gna iat 
Conditions D & E 
except E & F 
except G, H, & J 


All Conditions All Conditions 


All Conditions 


All Conditions 
All Conditions 


All Conditions 


All Conditions 
All Conditions 
Method 2002, 
Conditions F and G, 


may require special 
fixturing. + 


All Conditions 


T Also perform mechanical shock per MIL-STD-8108, Method 516. 


*Call Physical Test supervisor for available fixtures. 
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TEXAS INSTRUMENTS QUALITY/RELIABILITY PROGRAM 
FOR OPTOELECTRONICS AND IMAGE-SENSING COMPONENTS 


Table 3. Military Standard Test Capability (Continued) 


TEST CATEGORY MIL-STD-202 MIL-STD-750 MIL-STD-883 


Ca OPA] All Conditions All Conditions 


All Conditions 


All Conditions All Conditions All Conditions 
All Conditions All Conditions All Conditions 


TAlso perform random vibration and variable frequency vibration per MIL-STD-8108, Method 514.1, procedures |, Il, Ill, IV, V, VI, and 
Vil. Omit paragraph 4.5.1.1, Resonant Search, and paragraph 4.5.1.2, Resonant Dwell. 

+ Radiographic inspection is performed in accordance with many government and customer specifications. Before any new radiographic 
specification is accepted or deemed acceptable for use as a test standard within the Semiconductor Group, it must be approved by 
Environmental Test Services. 


Table 4. -Failure Analysis Capabilities 


1. | Nondestructive Techniques 
A. Hermeticity evaluation 
B. X-ray interpretation of bonding and die mount 
C. Electrical characterization 
1. Breakdown, leakage, and functional tests run at temperature extremes 
2. Polaroid documentation of curve traces and/or oscilloscope traces 


ll. Destructive Techniques 
Decapsulation/Delid of devices 
Probe and isolation of electrical defects 
Layer-by-layer removal of device levels by selective etching 
Microsection analysis 
1. Sections taken at shallow to 90° angles — sample sizes to 1.5 inches 
2. Selective staining to delineate diffusions, dielectrics, etc. 
3. Thickness measurements by SEM or optical microscopy 
Optical microphotography — magnifications to 5000X 
Infrared microscopy — transmission and reflection 
Nanometrics 
Planar plasma etching 
Scanning electron microscopy — SEM 
Routine magnification to 50,000X 
50-A resolution 
Back-scattered electron detector 
Military product lot acceptance of metallization 
Voltage contrast 
. Specimen current amplifier 
J. Electron microprobe 
1. Chemical detection of elements with atomic number greater than 11 
2. Typical 4- to 5-um beam penetration 
3. Spot size typically 1000 to 2000 A 
Auger spectroscope 
lon microprobe mass analysis 
. Gas and/or plastic composition analysis 
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TEXAS INSTRUMENTS OPTOCOUPLER RELIABILITY DATA 


OPTOCOUPLER RELIABILITY DATA 
. INTRODUCTION 


Texas Instruments designs and builds quality and reliability into all the products it offers to the electronic 
marketplace. The quality control organization is uniquely responsible for coordinating the total effort and for 
providing direct action necessary to insure that quality and reliability objectives are met. 


The reliability data shown in this report is indicative of the extensive testing performed by Texas Instruments on 
all components to assure continued leadership in quality and reliability. Included in this report is a summary of 1987 
through June 1989 reliability testing on the 4N22 and 4N47, parent devices for the JAN, JANTX, and JANTXV 
metal can optocoupler products, and typifies results of product built to the standard device product flow. 


OPERATING LIFE TEST 
Data was summarized from monthly and semi-annual Group B and Group C quality conformance inspections 


according to MIL-S-19500/486A (4N22) and MIL-S-19500/548 (4N47) plus additional testing deemed necessary 
by Tl Quality Assurance to guarantee process integrity. Life testing was performed under the following conditions: 


TA = 25°C 
IF = 20 mA 
VceE = 10 V 
Pp = 275 mw 


Test duration varied from 340 hours to 1000 hours to allow data accumulation on 8545 devices exercised for 
a total of 4,074,160 device hours. No critical failures were observed. 


In addition, 4801 device type 4N24 optocouplers have been placed on continuous life test at the above referenced 
conditions for long-term monitoring of performance characteristics. These devices are read and recorded at 1000 
hour intervals, and have accumulated 14,735,100 device hours with no critical failures. This data also applies 
to JAN, JANTX, and JANTXV products. 


STORAGE LIFE TESTS 


Devices were stored in ovens at 125°C for 340 or 1000 hours (depending on requirement). Readings of all 
parameters included in the device specifications were made with zero failures in the sample of 4372 devices 
for a total of 1,822,560 device hours. 


ENVIRONMENTAL TESTS 


The tests listed in Table 1 were performed on samples of the product with the catastrophic or degradation failures 
as shown. The test conditions shown represent requirements imposed on the product by our customers and 
do not necessarily represent maximum capability of the component. Inquiries concerning response to the specific 
requirements should be addressed to your TI sales representitive. 


wy 
TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 - DALLAS, TEXAS 75265 


Quality and Reliability 


Ayiqelay pue Ayweno 


TEXAS INSTRUMENTS OPTOCOUPLER RELIABILITY DATA 


Table 1. Environmental Test Results 


MIL-STD-750 QUANTITY 
TEST TEST TESTED FAILURES 
METHOD 
High Temperature Isolation Voltage, 1493 
Vio = 150 V, Ta = 125°C, Tp = 24 hr. pndt? ion 
Temperature Cycling, —65°C to +125°C, 
15 minutes at extremes (25 cycles) 
Thermal Shock (Glass Strain), 
100°C to —5°C, 5 cycles 
Moisture Resistance 


Mechanical Shock, 
1500 G, 0.5 ms, X41, Y1, Y2 


Vibration, Variable Frequency, 


50 G minimum 
Constant Acceleration, 
30 kG, 1 minute X1, Y1, Y2 
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Applications 
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APPLICATIONS SUMMARY 


RIGS TOIGIIIND, oip oand F nn Pe Se KOS RE ERAS CES DEES MO CPLR aa wales 


A common requirement is to display numbers, letters, and special symbols. Described are circuits 
to interface with 7-segment and 5x7 dot-matrix displays. 


TWHL317 Hexadecimal LED Disglay « 2.6656 ee cc ie ee ee ee eee RI Ae oH E WS 


The display of register information on computer control panels is an ideal application for the TIL311. 
A TIL311 display with on-board electronics is illustrated. 


Counting ‘Circuits Using TIESOG and TILSOS LEDS: ~~ 6 sinc n'est Bae as te Gemanieer see Fs 


Complex counting and display circuit designs are described in simple terms. Several typical circuits 
are explained. 


er ONOPe: Wi INCE oct eer ek wan o Wa RR ee ew 3 § Scr SE SL OTe Ge ae 


A review of the characteristics of optocouplers also provides descriptions and illustrations of how 
they are used in typical circuit applications. 


cortacinigs Using OPrOCOmorere: sho si. e 5 pos 20d os Buea Suen aud Pee tas Re ole SmI eT teller ate e 


Worst-case design techniques are used for choosing component values for the interface circuitry 
between optocouplers and standard TTL logic gates. 


Beare Cree SIGNI PM OUNIED ese es 6 ese Ho wo 0g 6 RIED, ele Yimw Wi alert Sa, wom Ais awe eoe! Ze 


A variety of methods are presented for converting CCD output signals into analog or digital video 
data. 


Eineat: CCD! Operation atvOuMHe: 6+. 5.00655. exis a 2 sl oo ewiawie queadie ges eo GLAS eR eM wets 


The operating of the CCD linear image sensor and the digitization of the output signal at 10 MHz 
is discussed. 


Operating Instruction Set for Linear CCD Image Sensor .............. 0.000 e eee eee 


Described is the instruction set for operating the CCD linear image sensors (TC102, TC103, TC104, 
and TC106-1) on a board (PC401 or PC402), and in an evaluation kit (TCK102, TCK103, TCK104 
or TCK106-1. 


A Simple Method of Conditioning the Output of a CCD Imager to a Digital System ............ 


This is a description of a simple method of converting the output of a CCD imager into a binary 
waveform in which one logic level represents ‘’black’’ and the other ‘’white’’ for bar-code or optical 
character reading applications. 


NETOS ISO and tertcinig i GHOUIE co 56a: 54 als. a 0 od autanas wie weedy ae bee hi eo Cuong Ap ouseesy-« 


The scanner module, interfacing circuit, and I/O ports are discussed. Applications include facsimile 
scanner, optical recognition, and PC scanner. 
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MULTIPLEXING DISPLAYS 


seven-segment displays 


To display numbers and symbols an array of display 
elements is required. Two common configurations are 
shown in Figure 1. Figure 1a shows the seven-segment 
display that can be used to display the decimal numerals 
and some alphabetical characters by turning on appropriate 
segment patterns. Figure 1b shows a 5 x 7 dot matrix that 
can be used to display any alphanumeric symbol by turning 
on the appropriate dot pattern. The pattern required for each 


a. SEVEN-SEGMENT LED DISPLAY 


Ooo0000 
oo000 
oo0000 
o0000 
oo0000 
oo0000 
oo000 
b, 5 X 7 DOT MATRIX DISPLAY 


Figure 1. Display Matrices 


number, character, or symbol to be displayed must be stored 
in a read-only memory or a display decoder in order to 
properly display a desired character. The interface to a 
seven-segment display is the BCD-to-seven-segment 
decoder driver like the SN7446 shown in Figure 2a. The 
input to the decoder is the BCD code for the number to be 
displayed. The RBI and BI signals can be taken low to turn 
off all segments, regardless of the input code. When BI is 
high, the LT (amp test) input can be brought low to turn on 
all segments to perform a lamp test operation. The BI/RBO 
can serve as an output for ripple blanking to other decoders. 
When RBI is brought low, RBO as an output will go low for 
rippling a blanking signal to other display decoders. The 
segment drivers A through H are connected to the LED’s 
of the display to control which LED's are turned on. 


The entire circuit and display is available as a single 
device, the TIL306, shown in Figure 2b. This device has the 
4-bit BCD code input, a decimal point input, and depends 
on anon-BCD code to provide blanking. Devices also exist 
that include a register as well as a decoder/driver and display 
in the same unit. The TIL308 shown in Figure 2c is one of 
those. It stores the four BCD inputs in a quadruple S-R flip- 
flop whose outputs are available from the device. There is 
a latch strobe input that, when low, stores the BCD code 
in the 4-bit register. There is a blanking input, BI, that, when 
low turns off all segments, and an LED test input that, when 
low, turns on all segments. If the LED test and the BI inputs 
are both high, the display shows the number whose code 
is latched in the device data register. Such a register 
simplifies the I/O requirements of the microcomputer since 
it can be treated as a complete storage location. It may be 
connected to either the data bus or any special system |/O 
bus. 

The interface to a5 x 7 or other dot matrix is handled 
in much the same way as the seven-segment device. The 
simplest device of this type is the TIL311, which displays 
hexadecimal characters using LEDs arranged on a 4 x 7 
dot matrix pattern as shown in Figure 3a. It includes a 4-bit 
data register with a latch strobe input that causes the 4-bit 
input data to be entered while the strobe is low. As long 
as the strobe stays high, the information displayed and 
stored will not change. Thus, one could treat the strobe as 
a rising-edge latch signal. The overall structure of the TIL311 
is shown in Figure 3. There is a blanking input that, when 
high, causes the display to be blanked. There is a left and 
right decimal point input available. 

The control of a 5 x 7 dot matrix display device like 
the TIL305 requires a ROM or EPROM in which the display 
pattern for each character to be displayed is stored. The 
basic circuit structure is shown in Figure 4 for an individual 
interface to a TIL305. The TTL signals from the seven input 
lines (ASCII code inputs) are connected to the inputs I1 
through 17. The current-drive capability is provided by 
SN75491 drivers acting as sink drivers from the output lines 
01 through 07 and as source drivers for the column lines 
on the TIL305. At the time a column line is driven with 
current, the column select code CA through CE must 
simultaneously be applied to the column select lines of the 
EPROM. The EPROM outputs the seven row signals for a 
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selected character for a selected column. Thus, the circuitry 
must scan through the columns at an appropriate rate by 
using either a ring counter or a counter-decoder combination. 

In the example of Figure 4, an SN75496 5-bit ring 
counter is set up so that only one bit position will have a 
1 at any given time. This is achieved with the wired-NAND 
control (SN7416) on the serial input. For example, if all 
outputs A through E (all bits) in the register are O, the serial 
input line will be at the 1 level, and a 1 will be shifted into 
the first bit position. This 1 (in the A position) causes the 
serial input line to go low (to a 0), which will be shifted in 
to fill the lower bits with zeroes. The original 1 will propagate 
through to E with each rising edge of the clock. When the 
1 is at E, a 1 will again be generated at the serial input to 
insert a new 1 into A when the 1 is shifted out of E. Thus, 
there is only one 1 in the shift register at any time. Only 
one column of the EPROM is addressed at any time, and 
only one column of LED drivers is turned on at any time. 
Also in the example of Figure 4, the unijunction oscillator 
is set to provide a clock pulse sequence at a frequency of 
about 1,000 pulses per second. A new column is selected 
and turned on for about a millisecond, and a column is on 
20 percent of the time. 

The circuit of Figure 4 provides only a single-character 
display position. If a multiple-position character display is 
required, it is not reasonable to provide a separate EPROM 
for each display unit. In other words, it is not feasible to 
repeat the circuit of Figure 4 for each character in the 
multiple position display. A circuit that shares the EPROM 


resource must be used. This means that the display must 
provide a RAM for storage of the character codes to be 
displayed and a sequence controller that will sequence 
through the codes stored in RAM while the different TIL305s 
are activated. The basic structure is shown in Figure 5 for 
a 16-character display. 

There must be 16-location RAM, and each location 
must store a 6-bit ASCII code. There must be a modulo-16 
counter that determines which RAM code and character 
position is to be used at any given time. The TIL305 that 
is activated is selected by the output of a 4-to-16 decoder. 
The decoder turns on one group of the SN75493 sink drivers 
for the selected character position. The sink drivers for all 
other character positions are turned off, and the associated 
TIL305s for those positions remain off. The modulo-16 
counter is incremented by the trailing edge of output E from 
the central 5-bit ring counter, since that marks the beginning 
of the new column 1 display. There must be a provision for 
writing into the RAM from the processor and a write control 
signal, W: that will switch the RAM address from the 
modulo-16 counter to the processor address lines. The 
SN74LS245 for each bit provides the switching required. 
This connection allows the information being displayed to 
be controlled by processor memory write or output 
operations. The overall structure of Figure 5 is somewhat 
complicated, but it can be cost effective in both power 
dissipation and parts costs. A similar approach can be used 
for time multiplexing of 7-segment displays to save power 
consumption. 
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Figure 5. 16-Character Display 


TIL311 HEXADECIMAL LED DISPLAY 


The TIL311 is designed to store and display decimal and 
hexadecimal data. The device consists of an MSI logic chip 
to perform logic and storage functions plus a light emitting 
diode (LED) display in a single 14-pin dual in-line package. 

It accepts parallel 8-4-2-1 data on four input lines and 
displays the corresponding decimal or hexadecimal charac- 
ter on a 4-by-7 dot matrix. Figure 1 illustrates the 
hexadecimal character representation for the decimal 
numbers O through 15. The logic levels are designed to be 


° 1 


2 3 4 5 6 7 
8 9 10 1 12 13 14 15 
FIGURE 1. TIL311 Hexadecimal Character Configuration 
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TTL compatible: a high level is 2 V to 5 V, a low level is 
OV to 0.8 V. 

The block diagram in Figure 2 shows the major 
sections of the TIL311; latches, decoder, current driver, 
and LED display. The inputs are DATA, LATCH STROBE, 
BLANKING, and DP. DATA is parallel 8-4-2-1 coded data. 
When LATCH STROBE is low, the data in the latches 
follow the data inputs. When LATCH STROBE goes high, 
the data on the input lines at strobe time is stored in the 
latches. 

The 4-bit code is decoded and the required diodes are 
turned on via the constant-current drivers to display the 
proper character. 

The LED display contains two decimal points: one to 
the left and one to the right of the character. A low input 
to one of the DP inputs will turn that decimal point on. 

BLANKING must be low to display the character. 
When BLANKING goes high, the character is turned off 
regardless of the inputs. The BLANKING input does not 
change the data stored in the latches. BLANKING may be 
pulsed to intensity-modulate the display. The apparent 
brightness of the display is proportional to the duty cycle 
of the modulating signal, assuming a frequency high enough 
to avoid visible flicker. For example, at 1 kHz, a 50% duty 
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FIGURE 2. TIL311 Hexadecimal Display Block Diagram 
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FIGURE 3. TIL311 Used As Counter Display 
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FIGURE 4. Discrete Light Display for a 16-Bit Register 


cycle would cause an apparent brightness of 50% of the 
steady-state brightness. 

Figure 3 illustrates the use of the TIL311 as a decimal 
display. The JK flip-flops are connected as a count-by-ten 
counter and represent one decade position in a multi- 
decade counter. The four Q outputs of the four flip-flops 
furnish the data inputs to the TIL311. Normally LATCH 
STROBE will be held high so that the display does not 
follow the counting. When counting is complete for a given 
time base, LATCH STROBE is pulsed with a negative-going 
pulse. The new data is then transferred from the decade 
counter into the latches and displayed. 

Another application for the TIL311 is to display 
register information on computer control panels and service 
panels. Figure 4 illustrates the use of discrete lights to 
display the contents of a 16-bit register. The length of the 
display can easily lead to errors in interpretation of the 


data. Figure 5 illustrates the use of the TIL311 to display 
the same data in the same 16-bit register. The 16 register 
positions are divided into four 4-bit groups. The four bits in 
each group provide the inputs to each of four TIL311 
displays. The resulting four hexadecimal character display 
provides a more concise interpretation of the register data. 


FIGURE 5. Hexadecimal Display for a 16-Bit Register 


COUNTING CIRCUITS 
USING TIL306 AND TIL308 LEDs 


Digital instruments have experienced a constant evolution 
since 1960. Counters that once occupied several inches of 
rack space in a 19-inch rack have been replaced by units the 
size of a text book with performance characteristics 
surpassing the older models. A major contribution to these 
changes is the continued advances in solid-state devices: 
integrated circuits have replaced the tubes and transistors 
and light-emitting diodes (LEDs) have replaced the 
incandescent displays. 


Texas Instruments has introduced a new product that 
simplifies further the design of systems utilizing counters or 
digital read-outs. By combining an IC chip to perform the 
logic function and an LED display in a single 16-pin dual 
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in-line package, Texas Instruments has provided the 
designer a device that reduces the complexity of his system 
without reducing flexibility of design. Two of these devices 
are the TIL306 and TIL308. The TIL306 and TIL308 have 
decimal points to the left side of the character. The TIL307 
and TIL309 have decimal points to the right side of the 
character, but are otherwise identical to the TIL306 and 
TIL308, respectively. They can be combined to count, 
store, and display data in multiple decade positions. 


CIRCUIT DESCRIPTION 


The TIL306, as shown in Figure 1, consists of four 
major sections: counter, latches, decoder/driver, and LED 
display. 
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FIGURE 1. Functional Block Diagram of TIL306 
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The counter is connected as a synchronous counter. 
This configuration takes advantage of the minimal 
propogation delay to give maximum speed capability. 
Inputs to the counter are CLEAR, CLOCK, SERIAL 
CARRY, and PARALLEL CARRY. The counter and its 
inputs generate an output, MAX COUNT. Additional 
connections are LATCH STROBE, BLANKING, RIPPLE 
BLANKING, RBO, DECIMAL POINT and LOGIC 
OUTPUTS. All inputs and outputs are designed to be TTL 
compatible. A high level is a minimum of 2 V and a low 
level is a maximum of 0.8 V. A low input to CLEAR will 
reset the counter to zero independently of any other input. 
As long as the input remains low the counter remains at 
zero. A high is required to allow the counter to count. 


The CLOCK input is the signal to be counted. With 
an input the counter will advance from 0 to 9, At a count 
of 9 the counter automatically resets to 0 with the next 
pulse. The counter changes state on the positive-going edge 
of the clock pulse. The clock pulse to the counter is 
controlled by SERIAL CARRY and PARALLEL CARRY. 

The MAX COUNT output goes low when the counter 
reaches a count of 9, and then goes high when the counter 
progresses to O on the next clock input. This output can be 
connected to the CLOCK input of the next decade position 
for asynchronous operation or to the SERIAL CARRY 


LATCH OUTPUTS 


BLANKING 
INPUT 


input of the next decade position for synchronous 
operation. 

A high on SERIAL CARRY inhibits the counter and 
forces MAX COUNT to go high regardless of the state of 
the counter stages. When SERIAL CARRY and 
PARALLEL CARRY go low, the CLOCK is enabled to the 
counter stages and the MAX COUNT gate is allowed to 
sense the status of the counter. The logic level of SERIAL 
CARRY must not be allowed to change while CLOCK is 
low or erroneous counts may result. 

PARALLEL CARRY permits look ahead carry inputs 
from lower order decade positions. A high input inhibits 
the clock to the counter stages. When PARALLEL CARRY 
and SERIAL CARRY go low the clock to the counter 
stages is enabled. The logic level of PARALLEL CARRY 
must not be allowed to change while CLOCK is low or 
erroneous counts may result. 

LATCH STROBE transfers the data in the counter 
stages to the latch storage to be displayed. With LATCH 
STROBE low, the latch flip-flops follow the states of the 
counter flip-flops. When LATCH STROBE goes high, the 
counter data is stored in the latch flip-flops. The counter 
can continue to count while the previous information is 
stored in the latches. 

The DECIMAL POINT input controls the display of 
the decimal point. A high is required to turn on the LED 
decimal point display. 
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FIGURE 2. Functional Block Diagram of TIL308 


A high on BLANKING inhibits the driver and gates 
and blanks the LED display. For normal operation, the 
BLANKING input must be low. 

A low on RIPPLE BLANKING blanks the display if 
the latch flip-flops contain a count of zero. This 
combination also forces the RBO NODE to go low. By 
connecting the RBO NODE of one decade position to the 
RIPPLE BLANKING input of the next decade position, 
zero suppression can be achieved. This is discussed in detail 
in a later portion of this report, Counter Circuit 
Description. The RBO NODE has a resistor pullup, which 
allows this output to be used as an input. A low level 
applied to RBO will blank the LED display independently 
of other input. 


The TIL308 looks physically identical to the 
TIL306. However, the TIL306 contains a counter section: 
the TIL308 does not. The TIL308 accepts 8-4-2-1 BCD 
code from external sources, stores it in latches, and displays 
the stored character by means of an LED display. As shown 
in Figure 2, the TIL308 consists of the three major 
sections: latch, decoder/driver, and LED display. 


The inputs and outputs, designed to be TTL 
compatible, consist of DATA INPUTS, DATA OUTPUTS, 
LATCH STROBE, BLANKING, and LED TEST. 

The BCD data and decimal point on the DATA 
INPUT lines are transferred into the latch flip-flops when 
LATCH STROBE is low. The BCD data and decimal point 
data stored in the latches are available at DATA OUTPUT. 
With LATCH STROBE high the DATA INPUT lines can 
change without effecting the data stored in the latches. 

BLANKING must be high to display the data stored 
in the latches. When BLANKING goes low, the decoder 
drivers are inhibited and LED display is turned off. The 
data stored in the latches are not effected by BLANKING. 

LED TEST can be used to test the LED display. A 
low to LED TEST will override all other signals and turn all 
of the LEDs on. LED TEST does not change the status of 
the latches. 

With the basic operation of the circuits outlined, two 
typical interconnection methods are shown in Figure 3 
and 4. Figure 3 shows the TIL306 connected in the 
synchronous mode. Figure 4 shows the TIL306 in the 
asynchronous mode. The asynchronous mode will be used 
in the following example of a counter. 
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FIGURE 3. TIL306 Interconnections for Synchronous- 
Count Mode and High-Order-Zero 
Suppression. 
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FIGURE 4. TIL306 Interconnections for 
Asynchronous-Counting Mode and 
Low-Order-Zero Suppression. 


COUNTER CIRCUIT DESCRIPTION 


The counter is a major constituent in digital instru- 
ments. Digital voltmeters, frequency counters, event 
counters, and period counters all have a circuit in commen, 
very much like the one shown in Figure 4. 

The circuit to be discussed in detail in this report 
incorporates both the TIL306 and the TIL308. One of the 
limiting factors of the TiL306 is that the counter typically 
does not count faster than 18 MHz. Combining the TIL306 
with a TIL308 and feeding the TIL308 from a high-speed 
counter expands the system to a much higher frequency. 
Figure 5 shows a BCD counter capable of working at 
100 MHz. The circuit consists of two SN74S112 Schottky 
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FIGURE 5. 100 MHz Decade Counter Using Texas Intru- 
ments Schottky TTL Logic and A TIL308 Display. 


TTL circuits and one SN74S11 Schottky TTL circuit. This 
configuration results in an asynchronous BCD counter 
capable of dividing a 100-MHz signal down to 10 MHz. The 
speed is a result of Texas Instruments Schottky TTL 
devices that allow flip-flops to toggle in excess of 
100 MHz. The Q outputs of the four flip-flops are fed into 
one TIL308, resulting in a decade with readout. The 
following decade position consists of a TIL306, which is 
capable of handling the 10 MHz rate. This circuit can be 
expanded even further by preceeding the Schottky counter 
stage with an ECL counter stage. ECL IC flip-flops with a 
400-MHz toggle rate and discrete built ECL flip-flops with a 
toggle rate of 800 MHz are possible. Figure 6 shows a block 
diagram of a stage which is capable of counting up to 
800 MHz. Since ECL levels do not cdincide with TTL 
levels, an ECL-TTL converter is necessary. The output of 
the converter will drive the TIL308 without any 
interference caused by switching speed problems. 
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FIGURE 6. 800-MHz Decade Counter Using ECL Logic 
and A TIL308 Display. 


TIL306 devices shows a big empty surface in the middle of 
the board and considerably fewer interconnects to the 
display. The cost savings resulting from using such a 
counter are quite obvious. 


Figure 9 is a photo of a 100-MHz counter using seven 
TIL306 devices and two TIL308 devices. A compact 
assembly technique reduced the total size. 
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FIGURE 7. Nine-Digit Counter 
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FIGURE 8. Two Counters with Identical Performance. Counter (A) Uses TIL306 Devices; Counter (B) Does not. Note how 
many less Components are Needed in the Counter Using TIL306 Devices. 


Figure 7 is a block diagram representation of a 
nine-digit readout, consisting of an ECL decade counter 
with a TIL308 display and a Schottky TTL decade counter 
with a TIL308 display, as just described, and seven TIL306 
devices. Part count is minimal, and the complexity of the 
PC Board is minimized. 


Figure 8 is a photo of two counters with identical 
performance illustrating the difference in component count 
between a conventional counter consisting of SN7490, 
SN7475, and SN7447 TTL integrated circuits, resistors, 
with a display using TIL302 devices, and a counter using 
TIL306 devices. Both counters are specified to operate up 
to 15 MHz using a six-digit readout. The counter using 


FIGURE 9. A Portable 100-MHz Counter Using Seven 
TIL 306 Devices. 


Figure 10 shows all of the basic circuit boards and 
components used in the counter shown in Figure 9 and 
shown schematically in Figure 12. The upper board is 
timebase. The center board is control. The bottom board is 
counter and display. 
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FIGURE 10. The Three Basic Circuit Boards 
of the Portable Counter. 


in Figure 5 and seven TIL306 devices. This counter is 
capable of measuring frequencies up to 100 MHz and time 
with 10-nanosecond resolution. Again minimum part count 
and simplicity have been the major objectives. The unit is 
universal and the counter can be expanded into other 
functions by adding circuits to the basic building block. 


FIGURE 11. The Three Basic Circuit Boards Fastened 
Together into A Compact, High-Density Unit 
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FIGURE 12. Schematic of A Frequency and Time Counter 


Figure 11 shows the assembly technique for high 
density component packing. The total size is 1.2 inches 
high, 1.2 inches deep and 4.25 inches wide. This counter 
can be incorporated in a lightweight and portable 
instrument. Total power dissipation is 9 watts. 


Figure 12 shows a complete schematic of a frequency 
and time counter incorporating the 100-MHz stage shown 


The counter has three main functional sections: 
timebase, control, and counter. 


The top part of Figure 12 is the time base. A 10-MHz 
oscillator is formed using two SN74HO4 TTL high-speed 
inverters. The output is coupled through a third inverter to 
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isolate the oscillator from the rest of the circuit. 
Capacitor C1 is a coarse adjust and capacitor C2 is a fine 
adjust. C2 should be a piston capacitor to allow finer 
resolution during adjustment. For more accurate 
requirements, a separate oscillator in a 
temperature-controlled oven with AGC circuitry can 
replace this circuit. The output of the oscillator is fed into a 
divider chain consisting of eight SN7490 decade dividers. 
Timing signals from 10 MHz to 0.1 Hz are generated and 
switch selectable as the time base. In the middle of the 
schematic in Figure 10 is the control circuit. The purpose 
of the control circuit is to gate the counter, and to generate 
latch strobe, and reset signals. 

The input of F/F1 is the time base signal in the 
frequency measuring mode or the unknown time period in 
the time measuring mode. 

With all circuits reset, the Q output of F/F2 holds a 
high level at the JK inputs of F/F1. With a pulse coming 
into the F/F1, Q of F/F1 changes from 0 to | on the 
negative-going edge. This | is applied to the first stage of 
the counter, allowing it to count. F/F2 does not change 
state since it changes only on a negative-going edge. With 
the next pulse to the clock input of F/F1, F/F1 changes 
state on the negative-going edge, changing the Q output 
from logical 1 to logical zero. This negative-going transition 
sets F/F2 and at the same time stops the counter from 
counting. With F/F2 set, Q of F/F2 is a0. A 0 at the JK 
inputs of F/F1 inhibits change with any additional pulses 
coming into its clock input. The Q output of F/F2 is 
connected to the input of a monostable multivibrator, 1/2 
SN74123. This multivibrator generates a short 
positive-going pulse at the Q output. The pulse width is 
determined by the RC combination R6CS5 and is set in this 
application to 150 nanoseconds. The output signal is 
inverted and applied to the Latch Strobe inputs of the 
TIL306 and TIL308 devices. This pulse transfers the data 
from the counters into the latches to be displayed. 

The Q of F/F2 is connected to the JK inputs of F/F1 
and also through a resistor to transistorT1. During 
counting operation Q2 is high, turning T1 on and 
preventing C4 from charging. At the end of the count cycle, 
the Q2 is low, turning T1 off. The capacitor C4 begins 
charging through resistors R4 and RS. R4 is adjustable and 
allows a variation in the display time. RS prevents the 
charging current and the current through T! from 


exceeding 1 mA when -R4 is turned to zero. Once the 
charge across C4 reaches the firing potential of the 
unijunction, T2, the unijunction generates a positive pulse 
at Base2, which is coupled into the monostable 
multivibrator, SN74123. The positive pulse determined by 
R7C6, 150 nanoseconds wide, is inverted by an inverter, 1/6 
of SN74H04, and applied to the reset input of the TIL306 
devices, the four F/Fs of the first counter stage, and the 
two F/Fs in the control section. With F/F1 and F/F2 reset 
the JK inputs are reset to a high level by F/F2 and the 
circuit is again ready to handle the incoming signal. 

The bottom part of the schematic in Figure 10 shows 
the counter section. The first stage is made up of two 
SN74S112, one SN74S11, and one TIL308. The two 
SN74S112 circuits and one SN74S11 circuit form a decade 
counter consisting of four flip-flops and one gate. Schottky 
TTL devices are used because of the speed requirement. If 
only a 70-MHz counting rate is required, this circuit could 
be a single SN74196 circuit. The Q output of the fourth 
F/F is connected to the clock input of the first TIL306. 
The maximum count of the TIL306 is connected to the 
clock input of the next TIL306. This operation is the 
asynchronous mode, which is acceptable for counter 
purposes. 

The counter is controlled by the two inputs to the 
first F/F of the first decade. The clock input is the 
unknown frequency in the frequency mode, or the known 
time pulses from the time base in the time-measuring mode. 
The JK inputs are connected to the Q output of the control 
F/F. This signal gates the counter. As already explained, a 
high level to the JK inputs allows the F/F to change state 
on a negative edge of a pulse applied to the clock input. 
With the JK inputs low, the clock input does not affect the 
F/F. 

To complete the operation of the counter, the Latch 
Strobe and the Reset are applied to the circuit as shown. S3 
allows choosing between suppression or displaying of zeroes 
to the left of the most significant digit. With the switch 
closed, a ground is applied to the ripple blanking input of 
the most significant digit. If this digit is a zero, the display 
is blanked and the ripple blanking output goes zero. This 
output is connected to the next digit and the process 
repeated until all leading zeroes are suppressed. If switch $3 
is opened the high-order zeroes are displayed. All that is 
necessary for operation of the counter now is to provide a 
power supply and a signal to be counted. 


OPTOCOUPLERS IN CIRCUITS 


optocouplers in circuits 


There are many situations in which information must 
be transmitted between switching circuits electrically 
isolated from each other. This isolation has been 
commonly provided by relays, isolation transformers, 
and line drivers and receivers. There is, however, 
another device that can be used quite effectively to 
solve these problems. This device is the optocoupler. 
The need for the optocoupler is most prominent in 
areas where high voltage and noise isolation, as well 
as small size, are considered important. By coupling 
two systems together with the transmission of radiant 
energy (photons), the necessity for a common ground 
is eliminated — the main purpose of the optocoupler 
— and the systems can be effectively isolated. 


Four Texas Instruments optocoupler devices, the 
TIL102, TIL103, TIL120, and TIL121, are discussed 
in this report. How these devices can be used in 
various circuits to provide proper isolation in many 
systems will be a key part of this discussion. There 
are many circuit applications for optocouplers; 
however, the ones offered in this report are just 
several which can be of special use. Complete 
specifications for these devices are not included here 
but are available elsewhere in this book. 


description of an optocoupler 


Basically, a Texas Instruments optocoupler consists 
of a GaAs (gallium arsenide) infrared-emitting diode 
(IRED) as the input stage and a silicon n-p-n 
phototransistor as the output stage. The coupling 
medium between diode and sensor is an infrared- 
transmitting (‘‘IR’’) glass, as used in the 
TIL102/TIL103, TIL120/TIL121. Photons emitted 
from the diode (emitter) have wavelengths of about 
900 nanometers. The sensor transistor responds most 
efficiently to photons having this same wavelength. 
Consequently, the input and output devices are 
spectrally matched for optimum transfer 
characteristics. 


Equivalent circuits for the TIL102/TIL103 and 
TIL120/TIL121 are shown in Figures 1 and 2. For both 
families of devices, a current source between the 
collector and base of the sensor is used to represent 
the virtual base current generated by incident photons 
striking the base. This base current is proportional to 
the amount of radiation emitted from the diode. The 
collector-base and base-emitter junction capacitances 


are shown for both devices since they are used to 
determine the rise and fall times of the output current 
waveform. Because a relatively large transistor base 
area is necessary for increased sensor efficiency, the 
collector-base junction capacitance is fairly large. 


INPUT 
STAGE 


OUTPUT 
STAGE 


ANODE COLLECTOR 
BASE 
CATHODE EMITTER 


FIGURE 1. Terminal Connections and Equivalent 
Circuit for the TIL102/TIL103 


ANODE COLLECTOR 
INPUT OUTPUT 
STAGE STAGE 
CATHODE EMITTER 


FIGURE 2. Terminal Connections and Equivalent 
Circuit for the TIL120/TIL121 
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To fully utilize the advantages offered by an 
optocoupler, it is necessary that the circuit designer 
become aware of some of its characteristics. The 
difference in characteristics between the families is 
attributed mainly to the difference in construction. 


The characteristics most useful to the designer are as 
follows: 


1. High-voltage isolation. High-voltage isolation 
between the inputs and outputs is obtained by the 
physical separation between emitter and sensor. 
This isolation is possibly the most important 
advantage of the optocoupler. These devices can 
withstand large potential differences, depending on 
the type of coupling medium and construction of 
the package. The IR glass separating the emitter 
and sensor in the TIL102/TIL103 and TIL120/ 
TIL121 has an isolation capability of 1000 V. The 
isolation resistance is greater than 1012 Q. 

2. Noise isolation. Electrical noise in digital signals 
received at the input of the optocoupler is isolated 
from the output by the coupling medium. Since the 
input is a diode, common-mode noise is rejected. 

3. Current gain. The current gain (output current/input 
current) of an optocoupler is largely determined by 
the efficiency of the n-p-n sensor and by the type 
of transmission medium used. For the TIL103, the 
current gain is greater than unity, which in many 
cases eliminates the need for current amplifiers in 
the output. However, both the TIL102/TIL103 and 
TIL120/TIL121 have output current levels that are 
compatible with inputs of digital integrated circuits 
such as 54/74 TTL. Figures 3 and 4 show typical 
input-to-output current relationships. 

4. Small size. The dimensions of these devices enable 
them to be used on standard printed-wiring boards. 
The TIL102/TIL103 and TIL120/TIL121 are built 
in a metal can similar to a transistor package. The 
physical dimensions of these packages are shown 
in Figures 5 and 6. 

These are some of the prime characteristics of an 

optocoupler that can be used effectively to isolate two 

systems. 


I¢—Phototransistor Collector Current (mA) 


1¢—Phototransistor Collector Current (mA) 


1¢—Input-Diode Forward Current (mA) 


FIGURE 3. Typical Input/Output Current 
Relationship for the TIL102/TIL103 


0.1 0.4 1 4 10 40 
\f—Input-Diode Forward Current (mA) 


FIGURE 4. Typical Input/Output Current 
Relationship for the TIL120/TIL121 
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ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES. 


FIGURE 5. Dimensions of the TIL102/TIL103 


THE COLLECTOR IS IN ELECTRICAL CONTACT WITH THE CASE 


4 Leaps 0483 (0.019) 


0,406 (0.016) 2,54 (0.100) DIA 


3-COLLECTOR 


4-ANODE 


0,71 (0.028) 


2-CATHODE 
1-EMITTER 


12,7 (0.500) 
MIN 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES. 


FIGURE 6. Dimensions of the TIL120/TIL121 


typical circuit applications 


The characteristics and advantages of an optocoupler 
enable the designer to use it in a wide range of circuit 
applications. Important among the applications of an 
optocoupler are those involving 54/74 TTL and similar 
digital integrated-circuit families. As was mentioned 
previously, an optocoupler has output currents 
compatible with TTL inputs. This compatibility enables 
it to be especially attractive as an interface element 
between digital systems. The device is particularly 
beneficial in applications where high voltage 
differences may exist between systems. However, it 
is not limited only to digital applications, as shown by 
the following examples. 


driving 54/74 TTL 


An effective method of coupling an optocoupler to TTL 
circuitry is by using a Schmitt trigger that has an 
output level compatible with standard TTL devices. 
By coupling any of the Texas Instruments opto- 
couplers to the SN7413, as shown in Figure 7, the 
isolated signal at the input can be converted to TTL 
logic levels. Noise immunity is provided by the coupler 
as well as by the threshold level of the SN7413. 


The optocoupler can also be employed as part of a 
Schmitt trigger circuit that utilizes discrete 
components. Because the output of the optocoupler 
is a transistor, it can be used as the input stage to the 


1k2 


TIL102/TIL103 
OR 
TIL120/T1L121 


OUTPUT TO 
54/74 TTL 


(a) NON-INVERTING FUNCTION 


O+5V 


TIL102/TIL103 
OR 
TIL120/TIL121 


(b) INVERTING FUNCTION 


FIGURE 7. Schmitt Trigger Coupling Optocoupler 
to 54/74 TTL Inputs 


trigger as shown in Figure 8. For this circuit, 


regeneration or positive feedback is provided by the 


coupled emitters of Q1 and Q2. The output of this 


circuit is noninverting and is compatible with TTL 


logic. 


Another Schmitt trigger utilizing discrete components 
that makes use of the base connection of the 


TIL102/TIL103 is shown in Figure 9. In this circuit, 


positive feedback is provided from the collector of Q2 
to the base of Q1. Resistor R1 limits the base current 
to Q1 and keeps the device off when there is no signal 
at the emitter. As with the circuit in Figure 8, the 
output of this circuit is noninverting and compatible 


with TTL levels. 


transmission-line isolator 


By using an optocoupler between two systems 
coupled by a transmission line, effective line isolation 
can be achieved. Figure 10 shows a typical interface 
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TIL102/TIL103 
OR 


OUTPUT TO 
54/74 TTL 


5102 


FIGURE 8. Optocoupler with Discrete-Component 
Schmitt Trigger for Driving 54/74 TTL 


o+5V 


OUTPUT TO 
054/74 TTL 


1k2 


FIGURE 9. TIL102/TIL103 in a Schmitt Trigger 
for Driving 54/74 TTL 


FIGURE 10. Typical Transmission Line Isolator 


system using TTL integrated circuitry coupled by a 
twisted-pair line. The SN75450B is the input stage 
driving the transmission line and emitter of the opto- 
coupler. The IRED requires about 20 mA during ‘‘turn- 
on,’’ which is well below the maximum current rating 


of the transistor. At the receiving end of the line, the 
phototransistor is coupled to an SN7413 for fast pulse 
generation. The output of this system is a noninverted 
pulse. However, by rearranging the optocoupler and 
the SN7413 as shown in Figure 7(a), the output may 
be inverted. 


As simple as it seems, employing an optocoupler this 
way provides isolation for both noise and high voltage. 
An isolation transformer or relay could accomplish the 
task, but it would not be as fast as the optocoupler. 
Also, a line driver and receiver combination could be 
used to eliminate the noise and increase the speed, 
but it would be very ineffective if there were high 
potential differences between the input and output. 


solid-state relay 


Through the use of transistor circuits, mechanical 
relays are slowly being replaced by solid-state relays. 
In some cases, the solid-state relay (SSR) offers 
distinct advantages over its mechanical counterpart. 
For example, an SSR has the advantage that it has 
neither moving parts nor fragile wires, and it has faster 
switching speeds and longer operating life. However, 
one disadvantage of an SSR is that it generally has 
a lower degree of input/output isolation than a 
mechanical relay. To overcome this disadvantage in 
the SSR, an optocoupler can be used as the isolating 
input stage as shown in the block diagram in 
Figure 11. The control stage may consist of discrete 
transistors or integrated circuits, while the output 
stage consists of high-power switching devices. 


A simple isolated latch circuit, which is somewhat of 
an SSR, is shown in Figure 12. The output of the 
optocoupler is used to fire the SCR that provides 
power to the load. To turn off the load current, the 
supply voltage VCC2 must be removed. 


FIGURE 11. Typical Solid-State Relay Using an 
Optocoupler 


isolated chopper circuit 


Chopper circuits that use mechanical relays suffer 
from a speed problem as well as switching transients 


TIL120/ 
TIL121 


Tic44 
62 
FIGURE 12. Solid-State Latch Using a 
TIL120/TIL121 


at the load. By using bipolar transistors or FETs as 
series and shunt switching elements, the speed may 
be improved; but capacitive coupling to the switching 
circuitry may still produce transient ‘‘spikes’’ on the 
output signal. By using an optocoupler to switch the 
input signal as shown in Figure 13, the switching 
circuitry can be isolated from the output, thereby 


CONTROL 
SIGNAL 


FIGURE 13. Chopper Circuit Using Optocouplers 


reducing output ‘‘spikes’’. The use of two couplers 
in the configuration shown allows chopping of either 
Positive or negative input signals with a frequency of 
one-half that of the input to the flip-flop. The 
uA741 operational amplifier is used to increase the 
output signal with a gain of R2/R1. 


pulse amplifiers 


Pulse amplification, as well as isolation, can be 
achieved by using an optocoupler with a pulse 
amplifier. The circuit shown in Figure 14 uses an 
isolator with a uA7411 operational amplifier to amplify 


RF 100 k2 


FIGURE 14. Isolated Pulse Amplifier Using 
Optocoupler uA741 
Operational Amplifier 


the pulse appearing at the anode of the IRED. The gain 
of this circuit is controlled by the feedback resistor 
Rr. An amplifier employing discrete components and 
that uses the TIL102/TIL103 as part of the current 
feedback pair is shown in Figure 15. The feedback 
resistor R1 controls the current gain as well as the 
output d-c level. 


Figure 16 shows an optocoupler with a voltage- 
feedback amplifier that has a gain of 1 + R2/R1. This 
type of amplifier offers high input impedance, which 
will not load the emitter of the sensor transistor. 


FIGURE 15. Discrete-Component Pulse Amplifier 
with TIL102/TIL103 


9+15 V 


FIGURE 16. Voltage-Feédback Pulse Amplifier 
with Optocoupler 
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Interfacing Using Optocouplers 
Description 


A very useful application of optocouplers is in the interface between different families 
of digital logic circuits. The worst-case design process should include consideration of 
data rates, power supply variations, component tolerances, and temperature ranges as well 
as the characteristics of the digital logic families. Consider the general circuit of Figure 1. 


Vec2 


Vcc1 nz 


'tH2 AND liL2 
eee a 


[OPTOCOUPLER | loH2 and Io.2 
+<— 


GATE 
2 ViH2and Vit2 2 


Ce ies. eee cenie  as 


GATE 


ies 
1 VoL1 
L 


NOTE: Vo_2 = low-level output voltage of coupler when coupler is on. 
ViL2 = low-level input voltage specified for GATE 2. 


Figure 1. Optocoupler Interface Circuit 


When the output of logic circuit 1 is low (VOL1), the output of the optocoupler 
is also low (VOL2). Since VOL2 is the input to logic circuit 2, it must be less than the 
maximum required logic low input voltage (Vj_2), in order to hold logic circuit 2 in a 
stable state. The criteria that must be met at this point is given in equation (1). 


=~ 
— 
~— 


& Applications 


VOL2 (coupler) = VIL2(max) (logic circuit) 


When the coupler output is in the low state, it must not only sink the current through 
R2, IR2, but is must also sink any current required out of the logic circuit 2 input in order 
to hold logic circuit 2 input to Vjj_2 or less. 


7-25 


& suoneaiyddy 


Using the current directions specified in Figure 1 and with the conditions of 
equation (1) satisfied, the conditions required for the coupler current, I9,,2, can be 
expressed as in equation (2). 


IOL2 = IR2-IL2 (2) 


The first step in the design procedure is to select fj, the forward current through 
the emitter of the optocoupler. Then using equation (3), R1 is computed: 


_ YCC1~VF1(typ) = VOL 1 (typ) 
IF (typ) 
A standard value resistor for R1 is selected as close to the value computed using 


equation (3). A tolerance for this resistor is specified from which the maximum and 
minimum values for Rl are computed using equations (4a) and (4b) as follows: 


tol 
Rl = RI1{1+— 4 
(max) ( + st) (4a) 


Ri (min) = ni 7) (4b) 


“‘tol’’ is the percent tolerance of the resistor. With the results of operations (4a) and (4b), 
the maximum and minimum values of IF 1 and be determined using equations (Sa) and (5b). 


R1 (3) 


VCC1(max) — VF1(min) — VOL1(min) 


R1 (min) @a) 


IF1(max) = 


VCC 1(min) — VF1(max) — VOL1(max) 


5b 
R1(max) (0) 


IF1(min) = 

The output current of the coupler depends on the current transfer ratio (CTR) of 

the device. CTR is defined by equation (6a) as the coupler output current, I9,_2, divided 
by the forward current, Ip], of the coupler diode emitter. 


CTR = —— (6a) 


If CTR is not given as a data sheet parameter, it can be calculated from other data sheet 
specifications [e.g., IC(on) at a certain If] or from curves of Io, (sometimes called I¢) 
versus If given in the data sheet. In many cases, CTR will be a number less than one, 
in other cases it will be greater than 1. 
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Using equation (6a) with CTR converted to a percent, the coupler collector current 
can be computed using equation (6b). 


(% CTR) XIF1i(min) 


IOL2(min) = 100 (6b) 
The minimum value for R2 can be calculated using equation (7). 
VCC2(max) — VOL2(max 
Ro(min) =~ OR) @ 


IOL2(max) + 1L2(max) 


The maximum value of R2 is determined from the condition that exists when the 
optocoupler output transistor is in the off state. Under these conditions, any off-state current, 
IOH, and any current into the input of gate 2 must not drop the voltage across R2 to the 
point where the input to gate 2 goes below its required high-level limit value, Vp. These 
limit conditions are expressed in equation (8), again using Figure 1. IQ}? is the current 
into the output collector and Ip}? is the input current to gate 2 when the gate input is 
at a voltage equal to or greater than the V[H(min) voltage required. IOH2(max), VIH(min)- 
and I]}2(max) are taken from data sheet specifications. 


VCC2(min) — VIH2(min) 
IOH2(max) + I[H2(max) 


R2 is selected between the limits of R2(min) and R2(max). Capacitive effects on 
response time are less when R2 is closer to R2(min), while maintaining the low-logic- 
level voltage, Vj_2. As the CTR of the optocoupler degrades, correct circuit operation 
will be maintained longer with R2 closer to R2(max). Final selection depends on which 
parameter is more important in the application. 


R2(max) = (8) 


Example Number 1 


In Figure 2, a 4N25 optocoupler is to be driven by an SN7404 gate output and will 
drive the input of an SN7400 gate. The specifications for the logic levels and input and 
output currents for the Series 74 logic family are given in Table 1. 
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Vec=5V 


SN7404 


OPTOCOUPLER 


1k2 
4N25 


NOTE: VoL2 = low-level output voltage of coupler when coupler is on. 
ViL2 = low-level input voltage specified for SN7400. 


Figure 2. Optocoupler Interface Circuit 


Table 1. Series 74 Family Data 


TTL VIL Nie ViH =H = =6VYor§ «6loL)=6CUVOH 10H 
Family Vv mA Vv pA Vv pA 


74 0.8 
74ALS_ 0.8 
74AS 0.8 
74LS 0.8 

74S 0.8 


2.4 -— 400 


2.4 — 400 


2.5 — 2000 
yee | —400 
at — 1000 


For the particular calculations, the values in Table 2 will be used. 
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ViH(min) = 2 V 
ViL(max) = 0.8 V 


lH(max) = 40 pA 


liL(max) = —1.6 mA 
IOH(max) = 400 pA 
VOLityp) =0.2V 
VOL(max) = 0-4 V 


Table 2. Calculation Values 


POWER SUPPLY 
CTRimin) = 20% Vec = 5V +5% 
VE(min) = 1.2 V@10mA 
VF(typ) = 1-25 V @10mA 
VE(max) = 1.5V @10mA 
IOH(max) = 50 nA 
VOL(max) = 9.5 V 


Calculations 


1) Select IF = 20 mA 


2) Check equation (1) 
VoL(coupler) < VyL2 (logic circuit) 0.5 V < 0.8 V. It checks. 


3) From equation (3), assuming the Vf at 20 milliamperes is not 0.05 volt 
greater than the value at 10 milliamperes. 


RI mG —125-40:2 
20 mA 
R1 = 178 


4) Select standard value RI = 1802 + 10%. 


Therefore, 


Rl(max) 180 + 18 = 198-0 
Rl(min) 180 — 18 = 1729 


5) From equations (Sa) and (5b), using VOL(typ) = 9.2 V for VOL(min) 


IF1(max) = (5.25—-1.2 V—-0.2) V _ 21.38 mA 


171 Q 


4 £7515 ¥-04) 9 
IF1(min) = dines x eam 


6) The maximum current [IOL2(max)] that can be allowed to flow through the 
coupler output is determined by the minimum current the coupler can supply 
according to equation (6b), thus 


14.39 mA 


14.39 mA x 20 
IOL2(max) = agi Wie 2 = 2.878 mA 


7) From equation (7), 


R2(min) = ee ee UO 3.72 kQ 
2.878 mA +(— 1.6 mA) 
8) From equation (8), 
R2(max) = 4-82. 2 6eabi 
50 nA+40 pA 
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8) From equation (8), 


htiem< = eee 
50 nA +40 pA 


A choice of 4.79 + 10% for R2 is suitable for this design. 
Example Number 2 


A similar approach can be used when interfacing discrete phototransistors to digital 
logic circuits. Consider a TIL602 connected in the phototransistor mode to an SN7400 
as shown in Figure 3. The data for this situation is shown in Table 3. 


Vec=5V 


i} 
T6022 
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+> 


i-—S 
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Figure 3. Phototransistor Interface Circuit 


Table 3. Calculation Values 


SN7400 TIL602 POWER SUPPLY 
ViH(min) = 2 V Ip = 3 A (dark current) Vec = 5V + 5% 
ViL(max) = 0.8 V loH = Ip + (1—n/100) Io 
lWH(max) = 40 pA (where n = % light blocked) 


liL(max) = —1-6mA — VoL(max) = 0.8 V 
IOH(max) = 40 “A !OL(min) = 2 MA 
VOLityp) = O:2'¥ 
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Calculations 


In this application, the equations before equation (7) are ignored. From equations (7) 
and (8), the values for R2(min) and R2(max) can be calculated. This application is very 
sensitive to ambient light. Therefore, care must be taken to shield out ambient light. 


Assuming 95% of the ambient light is shielded out, 


5.25 —0.8 4.45 V 


ae bee. « haw 
ee ake leed 04 Gk 
(4.75 -2.0) V 
R Pa a) hd 
snrnai IOH +40 pA 


Substituting IoH = Ip + [1—(n/100)] IoL, where n = 95% 


4.75 —2.0 
RL(max) = 


95 
3 pA+(1 -—) 2 mA+40 pA 
pA + ( 100” B 


” 215. V 
3 pA+100 pA +40 pA 


_ 2.75 V 
143 pA 


= 19.2 kQ 


RL is chosen as a standard value, 14.7 kQ. 
Example Number 3 


If the 74LS series is used with 80% light blocked, from Table 1 I], (max) = 0.36 mA 
instead of 1.6 mA and I[H(max) = 20 wA instead of 40 pA. 


4.75—2 
R i ee et ae aa 
L(max) ~ 3 JA +(1—80/100) 2 mA +20 pA 
and 
RL(min) = cee as os SID 


2 mA +(-—0.36 mA) 
Therefore, Ri, can be selected between 2.71 kQ and 6.5 kQ. 
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CCD OUTPUT SIGNAL PROCESSING 


This application report presents a variety of methods, along 
with circuit examples, of converting the CCD output pulse- 
train into usable analog or digital video data. A general block 
diagram of a complete CCD operating system from clock- 
drive control through processed signal to output video is 
provided in Figure 1. Figure | illustrates four methods of 
obtaining analog or digital video. To understand these 
methods, a discussion of CCD output signal with respect to 
the desired video output and the data rates is first required. 
After the output signal discussion, each of the methods is 
described in detail. 


Output Signal Considerations 

The normal unprocessed CCD output signal is a voltage 
pulse-train in which the negative (lower) envelope represents 
analog video and its positive (upper) envelope is the result 
of the positive-going reset clock. This upper envelope is 
generally uniform and is generally representative of the zero 
or dark signal. The entire voltage pulse-train is displaced 
from zero volts by the positive quiescent-output operating 
voltage of the charge-detection amplifier. This output 
operating voltage is guaranteed to be above 5 V but less than 
the amplifier drain supply, Vpp. 


OPERATING REQUIREMENTS 


THRESHOLD 
DETECTOR 


SAMPLE 


The minimum reset-time interruption in each data-pulse 
is SO ns. Since the duration of each data-pulse decreases as 
the frequency (number of data-pulses per second) increases, 
the percentage of data time occupied by the reset pulse is 
variable. For frequencies between 5 MHz and 10 MHz, the 
percentage varies between 25 and 50%. As the rise and fall 
times are approximately 10 ns, this percentage increases as 
the duration of the data-pulse decreases. Figure 2 shows an 
example of the output of a TC101 operated at 10 MHz. The 
negative (lower) output voltage waveform is 50 ns or 50%. 
This time is not always obtainable; however, even at 25 ns, 
a good output can be processed. 

An example of this low duty cycle is shown in the area 
output of the CCD at 7 MHz (see Figure 3). Ringing is 
another factor that can reduce the true-data time. Ringing 
is caused by the reset and transport clocks. This problem 
can be greatly reduced in the following ways: 

1, Making the high-to-low transition of the reset 
clock coincide with the transition of the transport 
clock. 

2. Use 10 © to 20 Q series transport-clock drive 
resistors and 50 Q to 80 © reset-clock series 
resistors. 


CCD SIGNAL PROCESSING OPTIONS 


DIGITAL 


DIA 
MASTER ANALOG 
CLOCK Rpoed CONVERTER 
CONVERTER DIGITAL 
LEVEL SHIFT 
timinc | | cLock AND 
LOGIC DRIVERS BLACK LEVEL 
ol CLAMP 
LOW PASS ANALOG 
CONTROL ren aiss —— 
CLOCK 
—s BIAS WEEE Beal 
LEVELS 


ANALOG 


DIGITAL 
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AID 


Figure 1. CCD Operating System Block Diagram 
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3. Using the shortest possible leads, return the 
clock-driver positive and negative supply bypass 
capacitors (1 »F for negative and 0.1 »F for 
positive) to the substrate pin (Vss) nearest the 
transport or signal-clock pins and by connecting 
the PC board ground plane to the Vsgg pin. 

For data operating frequencies below 2 MHz, the data 
pulse is wider and the percentage of reset interruption is 
reduced (can be 10% or less) and the problem of reduced 
true data-time decreases (see Figure 4). The CCD output 
waveforms shown in Figures 2 through 4 cover the data-rate 
range and lay the groundwork for a discussion of output video 
requirements. 

Positive analog video is a continuously varying signal 
with white more positive than black. Black should be 0.1 V 
or less above 0. In the CCD output, the envelope of the pulse 
train is negative video (white is the negative direction). 


f / / ; 
wee en ee i 


ANALOG VIDEO! 


Figure 2. TC101 Output Signal, 
High-Frequency (10 MHz) Operation 
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Figure 3. Low Duty Cycle Output 
(7.16 MHz) Signal 
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200 mV/div 


10 us/div 


Figure 4. High Duty Cycle Output 
(0.5 MHz) Signal 


Inversion is required after the negative envelope is detected. 
Also, the black level is the smallest negative output. Since 
it can be inverted at any time, the signal should be processed 
as negative video and inverted after processing. This black- 
level voltage is the reference for all the gray shades of 
negative voltage below it. The reference level is still needed 
even if only threshold detection is the required output. 
Because the output signal dc operating voltage is 
variable, a level shift technique that can be keyed to the black 
level of the CCD output signal is required to establish the 
desired stable reference. Therefore, all signal processing 
methods in Figure | start with a level shift and black level 
clamp circuit. Figure 5 shows the level shift accomplished 
by a coupling capacitor that is large enough so that no 
significant change in charge occurs during a video-line 
readout time. Four black reference pulses are placed before 


OUTPUT c 


SIGNAL [" EmitTER HIGH-INPUT 
FOLLOWER 2 AT LOW 
FREQUENCY 


BLACK LEVEL —o~ec 


VOLTAGE SWITCH 
UNITY 
GAIN 


Figure 5. Low-Level Shift and 
Black Level Clamp Block Diagram 


and after four isolation pulses at the beginning and end of 
the data pulse train. This is done so that, during these black 
reference pulses, the switch closes so the charge on the 
capacitor is clamped during the black reference output time 
of the CCD. The output of the amplifier then becomes the 
black reference voltage. This method of restoring black to 
a video data line is called line clamping. This method is 
widely used in video circuit design. 


Another method of providing the level shift and black 
level clamp employs a programmable reference diode, the 
TI TLA31C (see Figure 6). This method is unique in that 
it is all direct-coupled and therefore must have automatic 
drift-correction for the shift in CCD amplifier de output 
voltage, as well as for other temperature induced component 
drifts. 

However, like the line-clamped capacitor method, this 
circuit stores a charge on the capacitor, C. The charge on 
the capacitor determines the output black reference voltage 
for the period of one readout line. The basic components in 
the simplified schematic shown in Figure 6 operate as 
described in the following paragraphs. 

The major output signal path begins with the output 
voltage of the CCD being applied to the base of the signal- 
buffer emitter follower (2N3904). The path proceeds through 
the programmable reference diodes and ends at the level- 
shifted output. A load resistor and a negative supply provide 
the operating current so that the output black level can be 
zero or negative if desired. The FET resistor divider controls 
the voltage drop through the reference diode and the FET 
capacitor provides a temporary memory for the gate bias of 
the FET over a line period. The comparator automatically 
controls the output for correct FET gate bias voltage. Thus 
the reference diode drops the correct value so that the output 
matches the set in black reference voltage during the black 
reference pulse in the output signal train, which is the strobe 
time for the comparator. The comparator is strobed on for 
each of the four black reference pulses so that, during each 
pulse, charge current to the storage capacitor makes needed 
corrections. In this manner, the comparator automatically 
tracks changes to maintain the desired black reference output 
voltage. 

In the actual circuit (Figure 7), the black level is 
clamped to zero volts within the limits of the offset voltage 
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of the comparator. Also, the charge current sent to the storage 
capacitor is the difference between the current from the 
22 MQ resistor and the current from the 2N3904 voltage- 
to-current converter for the comparator. The 1-yF 
comparator provides good ac coupling. 


Threshold Detection 

The preceding discussion covers the subjects of level 
shift black-level clamp. The following is a discussion of the 
various methods of signal processing. The first method as 
shown in Figure 1 is threshold detection. The threshold-type 
processor consists of the following three main elements: 

1. The level shift and black-level clamp circuit (see 
Figure 7) 

2. A comparator with a negative threshold reference 

3. A data-clocked D Type flip-flop to act as a 
sample-and-hold. 

This threshold-type processor has a true TTL output 
that is zero for gray shades darker than the preset threshold 
and a one for gray shades lighter than that threshold (see 
Figure 8). The timing of the black-level strobe and the data 
clock for the flip-flop is important in getting correct 
operation. A complete circuit for a TC102 is presented in 
Figure 9, starting with a master clock driving the timing logic 
with exposure control and finishing with CCD clock drivers. 

The clock oscillator frequency sets the data rate and 
the monostable multivibrator triggered by the clock sets the 
reset clock pulse duration. Dividing the clock oscillator 
output by two produces the transport clock signal for each 
transport clock cycle. This signal goes to the preset input 
of the second flip-flop. There it is synchronously released 
to the clock-driver level translation transistor on command 
by the borrow output of the exposure-time down-counter 
chain to the clock input of the flip-flop. 
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Figure 6. Level-Shift and Black-Level Clamp with Automatic Drift Correction 
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Figure 7. CCD Output Level Shifting Circuit 
(Black Level Clamp to 0 V) 


A series of down-counters is used to generate the 
exposure time and locate the exact time to send out the strobe 
to comparator so the pulses will be placed during the 
beginning black reference pulses in the output of the CCD. 
The black-reference pulses start exactly on the twelfth data- 
pulse, beginning with the pulse during the transfer clock 
period. Thus, the first down-counter is loaded with a count 
of eleven so that its borrow output will be at the end of the 
eleventh data-pulse. At this time, the latch changes state and 
triggers the second monostable multivibrator which sets the 
gate-time for three or four black-level strobe pulses. These 
pulses begin on the twelfth data-pulse. 

A series of gates delay the opposite phase of the reset 
clock from the clock oscillator to generate the basic strobe 
and data-clock pulses. The delay causes the timing to match 
closely that of the video chain and to fall correctly timed with 
the data time of the video pulse (see Figure 10). The other 
down-counter counts the borrows from the first counter and 
reloads on fourteen, thus giving a total count of 11 x 14 
or 154 reset clocks between transfer clocks. In this counting 
method only seven of the fourteen data-following pulses are 
allowed to be read out. 

For the application in which this circuit is used, there 
is no need for the remaining black reference pulses or white 
reference pulses. However, they can be included, if desired, 
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by changing the counter-timing method. Although the 
counter-timer is a simple fixed-threshold-type processor, the 
principles are presented here so that variations can be worked 
out. 


Analog-to-Digital Flash Converter 

Another method of converting the output of the CCD 
to digital can be accomplished by using a flash analog-to- 
digital (A/D) converter. Once again, the problem of 
interfacing with the A/D converter input requires the 
establishment of a black reference voltage representing all 
zeros in the digital output word. The capacity-coupled line- 
clamped form of level-shift and black-level clamp (see 
Figure 5), is used in an automatic form shown in Figure 11. 
To provide continuity and clarity in understanding the 
automatic method, the complete level-shift and black line- 
clamp is explained again using Figure 12. Figure 12 shows 
the CCD output signal pulse train with the dark reference 
pulse located with four isolation pulses before and four 
isolation pulses after the optical data stream. 

Positive voltage is subtracted from the negative output 
of the detector. This brings the input bias of the buffer 
amplifier to the correct level. When the clamp switch is 
closed, the output of the buffer amplifier is the desired black 
level (see Figure 13). 
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Figure 8. CCD Threshold Type Processor 
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Figure 9. Timing Logic and CCD Clock Drivers 
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Figure 11. CCD Output Signal Buffering Circuit and Automatic Black Reference Block Diagram 
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Figure 12. Input/Output and Switch Timing for Automatic Black Reference 
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Figure 13. Automatic Black-Level Control and A/D Converter 
(0.1 to 10 MHz Operation) 


The black-level clamp and black-level sample can be 
timed to occur during the same dark reference pulses time. 
However, the black-level clamp disturbs the signal and may 
cause some errors in the black-level sample. The control 
signals to S1 and S2 are timed by the exposure-time counters 
so that the switches will be turned on and off at the exact 
black reference pulse times. 

The signal is now conditioned so that it will interface 
with the A/D converter. For high speed conversion at 
10 MHz, the TRW TDC1021 4-bit parallel flash converter 
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is used. It requires no external sample and hold because of 
its speed and design. The TDC1021 accepts a 0 to —1 V 
input signal, requires a convert pulse to tell when the analog 
signal is to be converted, and is powered from +5 V and 
—6 V supplies. The convert pulse timing as related to the 
output data of the CCD is important for correct A/D 
conversion. 

As specified in the TDC1021 data sheet, the analog 
amplitude data sample is read 10 ns after the 50% point of 


the convert pulse rising edge. In addition, the pulse is a 
positive going TTL amplitude and should be nominally 30-ns 
in duration. From this condition, the convert pulse should 
be decoded from the timing logic so its leading edge is 10 ns 
ahead of the desired sample point on the output pixel pulse 
of the CCD. To approximate where to decode the convert 
pulse, it is necessary to determine the time delay of the pixel 
pulse arriving at the analog input of the converter relative 
to the logic from which the convert pulse is to be decoded. 
The propagation delay time between the reset clock falling 
edge and the pixel’s falling edge is determined to be 15 ns 
(see Figure 14). 

The reset clock rising edge is located where the 
transport clock feedthrough starts to disturb the data pixel 
(see Figure 15). Therefore, the convert pulse ends exactly 
where the reset pulse starts and exists 30 ns before that point. 
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Figure 14. Conditioned CCD Output Signal 
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Figure 15. Conditioned CCD Output Signal 
(Converter Pulse) 


With the convert pulse timed correctly with the output data 
stream, the final result of the converted data is as shown in 
Figure 16. 

The optical input for the CCD is a uniformly 
illuminated seven-gray shaded and black test pattern. The 
input uses an incandescent source operated from direct 
current to prevent 60-cycle modulation. An IR filter cannot 
be used because there is not enough light output to produce 
a 1-V CCD output. As a result of the IR plus visible light 
combined, the gray shades are not uniform changes in 
intensity. However, this condition does not detract 
significantly from the presentation. The A/D converter is set 
up for outputs of 0000 for a 0 V input and 1111 fora —1 V 
input. Therefore, an analog —0.067 V is equal to a one 
binary bit state change. 

This A/D method is for a linear CCD. However, it can 
be used with an area CCD by altering the black-level sample 
and black-level clamp to coincide with black reference pulses 
or pixels from the data streams of the image sensor. A good 
example of how black reference pixels of area image-sensors 
are located in their output data streams is in the processor, 
consisting of a low-pass video filter and amplifier. 


Low-Pass Video Filter and Amplifier 

The video information in the output signal from an area 
image sensor [e.g., a closed circuit television (CCTV) 
camera] can be extracted with black reference level (pedestal) 
by a low-pass video-filter type processor. Such a processor 
(see Figure 17) has an automatic black-level clamp very 
similar to the scheme used with the A/D converter. In 
addition, it has an automatic video level control with 
composite blanking and composite sync to form a near 
standard composite monochrome video output signal. 

The automatic black-level clamp is very similar to the 
one used with the flash A/D converter. The coupling 
capacitor and clamp transistor are the same and work into 
a high input impedance amplifier with a positive gain of 
approximately four. The video filter (LPF) with a low-pass 
cutoff of 3.2 MHz (half the serial clock frequency) is driven 
by this amplifier. The filter recovers the negative video 
envelope by taking an average of the negative voltage under 
the amplified output signal from the CCD. This computer- 
designed filter has a low-overshoot fast-cutoff characteristic 
so that video up to 3.2 MHz is passed and the serial clock 
at 6.44 MHz is down 36 to 40 dB. In most cases, the video 
has a low duty-cycle (see Figure 3). The ratio of time output 
voltage is the video envelope value divided by time; it is at 
the reset voltage value. 

This low duty-cycle makes the output signal of the filter 
small compared to the peak-input signal (often 25% or less). 
Gain is required to produce a reasonable 0.75 V signal. This 
arrangement works because positive video is required and 
the amplifier can invert the video while amplifying. The 
black-level sample is taken from the output of this amplifier 
before it is blanked. In this circuit, two PNP emitter followers 
share a common load resistor and serve as a switch. The 
output is sent to a simple two-transistor comparator. The 
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Figure 16. Conditioned CCD Gray Shade Signal 
and A/D Converter Binary Outputs 


comparator compares the level with an adjustable reference 
to provide output pedestal or black level setting. The positive- 
going error pulses from the comparator are detected by the 
positive-peak detector and the current through the 8.2 kQ 
resistor is increased to provide the correct bias to the clamp 
transistor. This process causes the voltage across the 0.01 »F 
coupling capacitor to be correct during the black reference 
pixel time in the output signal of the CCD, so that the direct 
coupled amplifier-filter chains output is the desired pedestal 
level. 

Figure 18 shows the relative timing of the black-level 
clamp and the sample pulses supplied from the system timing 
logic that are relative to the output signal of the CCD. In 
addition, the horizontal blanking and sync with serial clock 
waveforms have been added to show relation to standard 
known waveforms supplied by the timing logic. The black- 
level sample is taken from the output of the CCD when the 
serial register is over-scanned (more than the pixel stored 
in the parallel registers). Only dark current is present. 

The black-level clamp is taken during the beginning 
of scan of the serial register. There are blank bits between 
the charge detection node and where the parallel enters the 
register. There can be as many as 15 of these beginning bits. 
However, when the output signal has no video, there are 
usually only six. These six beginning bits represent only dark 
current. This clamp action establishes the black reference 
for the entire video line. This explains the major operation 
of the processor. However, the automatic-gain control and 
insertion of blanking and sync circuits are discussed. 

Automatic-gain control is applied to the feedback 
resistor of the second amplifier by making a portion of it 
a light sensitive CaS resistor and controlling its value by the 
amount of infrared light applied to it from an LED. This all- 
in-one device has a wide-band-width resistor that varies from 
megohms in the dark to only 200 Q under bright illumination 
from the diode. The range is limited by the 2.4 k® series 
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resistor at the low end (low gain) and by the shunt 33 kQ 
resistor at the high value (high gain). Diode control current 
is obtained from the three transistor-comparator circuits 
which compare the average positive detected video signal 
with a gain level set reference. In this manner, automatic 
control is accomplished. 

Blanking is accomplished by placing a simple shunt 
transistor switch where the positive TTL composite blanking 
signal is applied. The shunt transistor switch blocks the signal 
to the output emitter follower. Composite syne is 
accomplished by summing a negative voltage produced by 
the drop across a forward diode when it is switched into the 
circuit by a transistor turned on by the TTL-level positive 
composite sync voltage. 

This automatically-controlled video-filter-type 
processor is used with a linear CCD to produce a TV picture 
from a picture scanned on a rotating drum. The only 
precaution required is to ensure that black level reference 
signals are available in the output of the CCD when black- 
level sample and clamp are being activated. 


Sample-and-Hold 

The last processing method to be discussed employs 
a high-speed sample-and-hold (S/H) circuit to recover the 
video envelope from the signal pulse train of the CCD output. 
Figure 19 illustrates a simplified processor circuit that uses 
TI’s new 15 MHz sample-and-hold integrated circuit 
(TL1591). The simplified circuit provides the following; 
first, it shows how the sample signal of the S/H is developed 
from the reset clock driver logic of the CCD through the 
use of a single TTL logic IC (SN74265) and second, it shows 
that three additional components permit it to be inserted into 
the standard line-clamp black reference circuit (see Figure 5). 

Further explanation of the sample clock development 
with the SN74265 will be helpful. A positive-going TTL- 
level clock pulse 20 ns wide is needed to enable the S/H to 
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Figure 17. Complete Amplifier and Processor for Monochrome CCD Camera 
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Figure 18. Black-Level Clamp Timing for Area CCD 
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Figure 19. CCD with Sample-and-Hold Black-Level Clamp 


take a new sample of the incoming signal. For the output 
signal train of the CCD, the sample pulse must occur during 
the data level or low peak of the CCD output signal train. 

Figure 20 shows the output signal of the CCD at a 
6.67 MHz data rate. In addition, it shows the corresponding 
sample-and-hold output. The sample-and-hold output changes 
near the middle of the low peak of the CCD output waveform. 
Even though the sample clock pulse is not shown, the 
evidence of its location can be seen. To locate and generate 
this sample clock, the trailing edge of the TTL-level RCK 
is delayed by the two inverter gates and the R-C network. 


VERTICAL = 0.1 V/div 
Figure 20. Sample-and-Hold (TL1591) Operated with a TC103 at 6.67 MHz 


The variable resistor allows a small delay time adjustment 
for optimum timing to improve performance. The sample 
clock pulse is generated by the logic and function of the 
delayed RCK and the further delayed RCK pulse. This second 
delay determines the width of the sample clock pulse. 

Figure 21 shows a complete circuit showing the 
SN76876 processing video from a TC103 operating at 
10 MHz with the S/H output level shifted and automatic black 
level clamped. Figure 22 illustrates output video from this 
processor circuit. The TL1591 S/H typically recovers 90% 
of the peak input signal. 
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Figure 21. Sample-and-Hold Processor with Automatic 
Black-Level Control 10-MHz Operation 
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Figure 22. Processed Output 


CONCLUSION 


The various methods described in the preceding 
paragraphs are provided to familiarize the prospective CCD 
user or designer with the requirements for both CCD output 


signal conditioning and basic signal processing methods. 
Selection of a particular method or approach will depend on 
the application. The designer must expand and update these 
methods based on his system requirements. 


7-47 


me Applications 


Applications 


Ss 


7-48 


LINEAR CCD OPERATION AT 10 MHz 


This application report covers the following main topics: 
1. The operation of the Texas Instruments TC102 
128 x 1 linear image sensor at a 10 MHz data 
rate 
2. Restoration of the black reference to the data 
using the dark-reference pixels of the CCD 
3. Conversion of the output signal into binary data 
without sample-and-hold 
In addition, circuit approaches (with data) to solve the 
problem of high-frequency clocking and the resulting 
transport-clock feedthrough into the output signal are 
discussed 


CCD Clocking 

Operation of the TC102 at a 10 MHz data rate is 
affected by the function of each clock relative to the other 
clocks. The purpose of the CCD clocks is to move the data 
from the photo sites to the detection circuit. The data is 
generated at the photo sites in the form of a charge that is 
proportional to the optical input. At the detection circuit, the 
charge is converted to a proportional voltage that is applied 
to the output of the CCD. 

The first step in the conversion is to send the charge 
from the photo sites, via the transfer gate region, to the CCD 
shift registers, which are adjacent to the photo sites. The 
transfer is made by applying a high transfer-clock pulse while 
the transport clock is held high. The relationships among the 
various clock levels required to move the charge are as 
follows: 

1. When a clock is high, it allows the charge to flow 
into the area under the clocked region (a well) 
and when a clock is low or most negative it 
biocks the charge flow (a barrier). 

2. When a clock makes a high-to-low transition, the 
charge contained in its well is shifted to an 
adjacent virtual well region. 

3. When both clocks are high, the photo site charge 
flows into the well of the transfer gate. 

4. When the transport gate returns to the low state, 
it acts as a charge barrier in the transport register. 
The charge is then introduced into the virtual 
wells of the transport register by the transfer 
gate. 

5. When the transfer gate returns to the low state, 
it moves the charge into the transport register. 
When the transport clock goes high to move the 
charge toward the transport combining region, 
the transport gate remains low to prevent charge 
flow back to the photo sites. 

The charges from adjacent even and odd photo sites 
are simultaneously clocked along the even and odd transport 
shift registers to the combining portion of the transport 


register. Thus, an even charge packet and an odd charge 
packet arrive in the region at the same time. To separate the 
packets into correct numerical order, the reset clock is used 
for the charge clocking. The reset clock goes high on each 
half cycle of the transport clock. The reset clock selects each 
packet in the correct order and applies them to a single 
register. This single register converts the charge to a voltage 
that is sent, via the reset MOS switch, to the V;ef output. 

After the optically generated charge is sent to the 
output, the white reference portion of the output and the end- 
of-scan signal are applied to their respective outputs. The 
charge for both of these signals is introduced by clocked bias 
on the injection diodes. The white-reference clock controls 
the reverse bias on the injection diodes. A reduction of the 
positive bias on these diodes causes a charge to be injected 
into each transfer region (a clocked barrier-well). These 
charges are applied at the opposite ends of the two transport 
and end-of-scan registers from the charge detection diodes. 
The proper relationship among the clocks must be maintained 
for charge injection into the registers. The relationships are 
as follows: 

1. The white-reference clock must be low to 
generate the charge. 

2. The transfer clock must be high to form a 
collecting well. 

3. The transport clock must be high to clear all 
extraneous charge from the virtual well region. 

Under these conditions the charge is contained in the 
transfer gate region (a process known as ‘‘fill’’) and is not 
transferred to the virtual well region of the registers until 
the transfer-clock voltage goes low. 

However, before the transfer-gate voltage goes low, 
the transport clock voltage goes low to block out-of-time 
charge flow down the register. The injection diode voltage 
goes high to create a deep potential well to prevent further 
injection and to remove the excess charge contained in the 
transfer region (a process known as “‘spill’’). The removal 
of the excess charge produces a charge packet that is 
controlled by the size of the clocked well portion of the 
transfer gate. This makes the injected charge to the register 
dependent upon the well capacity of the CCD or the saturation 
output level. To complete the transfer into the register, the 
transfer clock is returned to the low state and provides a high- 
charge barrier. 


High Speed Operation—10 MHz 

To provide a suitable clocking method for data rate 
frequencies ranging from 5 to approximately 10 MHz, the 
portion of the data period that must be dedicated to the reset 
clock in order to get satisfactory operation must be 
determined. The reset-pulse duration at the top 10% should 
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not be less than 40 ns. In addition, the reset pulse should 
start coincidentally with the transport-clock transition. 
Coincidence is necessary because, if the reset pulse rises 
before the transport-clock transition, there is danger of the 
charge from a previous pixel being mixed with the charge 
that is being read out. The purpose of placing the reset pulse 
in coincidence with the transport-clock transition is to allow 
as much time as possible for the output signal to settle and 
data to be acquired. 

At 10 MHz, the data period is only 100 ns. If the reset 
pulse is 40 ns plus rise and fall times, there are fewer than 
50 ns for the data time. Two data periods are produced for 
each period of the transport clock, TCK. A timing-logic 
circuit that will produce the recommended timing can be 
derived from the circuit on the data sheet. To derive the 
circuit, the clock oscillator must be capable of running at 
four times the data frequency or 40 MHz and the first divider 
flip-flop must be able to clock at 40 MHz. The circuit shown 
in Figure | is a modified version of the data-sheet circuit. 
To provide 10-MHz operation, all logic ICs are Schottky- 
clamped for high speed. As in the data-sheet circuit, the first 
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frequency divider is four. This gives four quadrature- 
complementary output waveforms (designated A, B, C, and 
D in Figure 2) which represent the logic timing. 

A delayed signal in phase with the A waveform is used 
for reset clock, RCK. Another frequency division by two 
provides the TCK that is delayed by the SN75369 drivers. 
To meet the XKC transfer clock timing as related to the TCK 
as specified in the data sheet, the decoding of the E waveform 
must be different from that in the data sheet circuit. This 
difference causes the XCK to rise with the TCK transition 
and to fall near the center of the second half-period of the 
TCK so that the 50-ns minimum is satisfied at 10 MHz. The 
minimum can be as low as 40 ns to accommodate 12-MHz 
operation for most of the linear CCDs. The XCK logic signal 
is used to gate a first half-period of the TCK through the 
SN75453 white reference driver. Both the XCK and WRCK 
repetition rates are determined by the SN74LS193 counter 
chain. The counter chain down counts TCK periods to set 
the exposure time or XCK repetition rate period. The 
waveforms (see Figure 2) are simplified in that circuit 
propagation delay times have not been taken into account. 


® (6) TEST POINTS 
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Figure 1. Waveform Generation Circuit for Testing Line Image Sensor (10 MHz) 
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Figure 2. Logic Timing, 10 MHz Operation — TC102 


For the exact effect of circuit propagation delay times, 
Figure 3 shows the TCK, RCK, XCK, and WRCK as seen 
at the clock inputs of the TC102. 

Figure 3 shows that the reset clock rises coincidently 
with the transport clock transitions. However, because of 
the delay in the counter chain borrow output (SN74S00 and 
SN74S74), the rise of the transfer clock is delayed from the 
rise of the transport clock by 40 ns. The WRCK is delayed 
by the same amount and the delay is not detrimental as long 
as both clocks are present at least 30 ns before the TCK goes 
low. When the reset clock pulse rise time is less than 15 ns, 
the quantities specified in the data sheet may cause a small 


50 ns/div 
Figure 3. Clock Input to TC102 


increase in dark current. If the dark current increase is 
detrimental to operation, then additional capacitance or 
resistance can be added to the clock drive lead to increase 
the rise time to 15 ns. 

Figure 4 illustrates the output-signal delay of the CCD 
with respect to the input of the clock. The transistor-buffered 
output signal in the two white-reference regions is shown 
with the RCK. The waveforms indicate that the delay between 
the reset clock and the reset interruption in the output signal 
is approximately 13 ns. This delay is reasonably accurate 
even though there is a moderate amount of ringing on the 
waveforms. The ringing is increased by the test equipment. 


200 mV/div 


50 ns/div 


Figure 4. Emitter Follower Buffered Output Signal 
Showing White Reference (Output Signal with RCK) 


7-51 


Applications 


7 


suoneayjddy 


~ 


conditions. 


PH 


+++ 
fae es 
xe Oe 
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Figure 5. Output Signal Only — Spike Suppression 


Transport-Clock Feedthrough Reduction 

Transport-clock feedthrough can be a serious data 
interruption problem with the CCD sensor. However, the 
problem is eliminated when the transport-clock transition is 
timed to be coincident with the reset-clock pulse low-to-high 
transition. This combines the feedthrough in the necessary 
data interruption caused by the reset clock. This timing allows 
satisfactory CCD operation and maximizes data output time 
per pixel. Efforts to minimize the magnitude of the 
feedthrough noise should also be considered. 

As shown in previous figures, the TCK feedthrough 
noise is reduced by building the circuit on a ground plane 
PCB and by a rise time reduction circuit on the TCK lead. 
The rise-time reduction circuit is the 10-ohm resistor and 
100-pF capacitor combined with the 22-to-24 ohm series 
resistor located on the terminals of the SN75369 driver (see 
Figure 1). This RC network shunts the fast rise currents from 
the outputs of the SN75369 driver back to its high- and low- 
supply bypass capacitors. In this manner, the very highest 
frequency components of current are not allowed to flow into 
the ground plane. The effect of removing this shunt network 
is shown by the added feedthrough (see Figure 6). This anti- 
ringing and rise-time reduction circuit can be accomplished 
by other RC arrangements, but the method is still the same. 


Black-Reference Restoration 

In video processing, the output signal reference level 
for the sensor under a no-light condition (black level) must 
be known at all times . The de output signal voltage level 
of most CCD sensors ranges from 6 V to 14 V and is not 
stable with temperature or drain voltage variations. 
Therefore, the signal must be capacitively coupled 
somewhere in the signal path. This capacitive coupling 
provides an opportunity to clamp the charge or voltage drop 
across the capacitor at a time that will represent the black 
reference level for the signal. This clamping is done over 
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Figure 6. Output Signal 
Only — No Spike Suppression 


a moderate time of perhaps less than 1% of the discharge 
time constant. A time location in the CCD output signal has 
been provided for this operation. The time location is called 
the dark-reference pixels. They occur four isolation pixels 
before and after the optical-data stream (see Figure 7). This 
black-level clamping method can be accomplished 
repetitively in an automatic manner as shown in Figure 8. 

In this simplified form of the automatic black-reference 
circuit, the output of the sensor is buffered through an emitter 
follower and coupled to a second amplifier. The second 
amplifier must have a very high input impedance at low 
frequencies and be direct coupled. However, it may or may 
not have voltage gain depending upon the requirements of 
the follow-on circuit. In this case, no more voltage gain is 
required because of the output of the CCD (over 1 V). The 
high input impedance of the amplifier allows the use of a 
small coupling capacitor, C1. This minimizes the charge leak 
off before all data is read out. A small coupling capacitor 
is desirable so that the recharge circuit impedance is not 
unreasonably low due to the short time allowed to recharge 
or clamp. 

The clamp circuit comprises the following components; 
the emitter follower buffer, switch $1, and capacitor C2. The 
operation of the circuit (see Figure 7) is as follows: 

1. Switch S1 is always open except when the first 
set or pre-data dark-reference pixels occur in the 
output signal stream of the CCD. 

2. Switch S1 closes and applies the voltage stored 
on capacitor C2 to the second amplifier side of 
capacitor Cl. 

3. Switch S1 opens when the dark-reference time 
is over and the bias voltage to the second 
amplifier, and the output, is referenced to the 
applied level until it is reclamped. 

The automatic feature of the circuit (i.e., how the 
correct voltage is obtained for capacitor C2 and its operation) 
is as simple as the clamp method. As shown in Figures 7 
and 8, switch S2 opens each time the following data dark- 
reference pixels appear in the data train and a black-level 


sample is taken of the output. This sample is compared with 
a predetermined black-level set voltage by the comparator. 
The comparator generates an error pulse output to the 
amplitude detector. This error pulse is transferred by the 
amplitude detector as an error voltage to correct the voltage 
stored on capacitor C2 so that, when the voltage on C2 is 
applied via S1 to the amplifier, the output of the amplifier 
will be the desired black-level voltage (zero for our 
application). Since C2 must be quite large to prevent low 
frequency oscillations, it takes several error pulses to correct 
the voltage stored on C2 when the circuit is first turned on. 
However, after the circuit has reached equilibrium, the 
required correction occurs on each readout cycle. 


' 
| 
! 
ccD | 
| 
l 


OPEN \ 


The block diagram in Figure 8 was arranged to match 
the circuit in Figure 10. However, there are details about 
this circuit which are not covered by the block diagram 
description. The details are helpful in understanding the exact 
circuit operation. The high-input impedance buffer amplifier 
is an FET source follower with a constant current source 
load followed by a standard emitter follower. The FET 
operates at 6.3 mA and the emitter follower at 6 mA, giving 
an 0.95 gain with an output impedance of less than 25 Q. 
Any FET used in this amplifier must be made to operate at 
6.3 mA for a gate to source voltage range from 0 to —2.5 V 
maximum. This is the maximum negative voltage available 
from the black-level clamp as supplied from the peak 
detector. 
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Figure 7. I/O and Switch Timing for Automatic Black Reference 
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Figure 8. CCD Output Signal Buffering Circuit Automatic Black Reference 
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This limited voltage occurs when there is no positive 
error signal from the LM311 comparator. The maximum 
negative output voltage of the positive peak detector is then 
produced by the three diodes being forward-biased to —6 V 
by the 100 kQ resistor. For the automatic black-level 
correction circuit to function, the — 1.9 V input bias to the 
buffer FET of the amplifier must produce voltage equal to 
or more negative than the black-level voltage desired at the 
output of the amplifier—in this case, zero volts. This input 
bias voltage is necessary so that, when the black-level sample 
is taken, the comparator will produce a small positive pulse 
output to be detected. This positive voltage will then be 
subtracted from the negative output of the detector to bring 
the input bias of the buffer amplifier to the correct level so 
that the output is the desired black level when the clamp 
switch is closed. 

The black-level clamp and black-level sample can be 
timed to occur during the same dark-reference pixels time. 
However, the black-level clamp disturbs the signal and may 
cause some errors in the black-level sample. The control 
signals to $1 and $2 are timed by the exposure time counters 
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=-oOV 
SN7430 


SN7430 
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SN74S04 A A A AN /\ 
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LOGIC BOARD 


a}* 2) 6 iz) tA 
4 Qa Qg Qc Ap LD 
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SN74LS193 


so that the switches will be turned on and off at the exact 
black-reference pixel times. 

The exposure-time counters with black-level switch 
signal decoding are shown in Figure 7. The decoding is taken 
from the outputs of the first two down counters. The 
minimum down count is set by the minimum number of data 
reset clocks to completely read out the CCD from transfer 
clock to the two white reference output pixels. This count 
is 19 + 128 + 14 (or 161) but the counter counts transport 
clock cycles which are half the data frequency. Therefore, 
the nearest minimum whole number of TCK counts is 81. 
To decode a pulse for the black-level clamp four pixels wide 
and 12 counts from the beginning (81 for down counter), 
the decode numbers are 75 and 74. In Figure 9, 128 was 
added for increased exposure time, so 202 was used. By the 
same reasoning, the decode count for the black level sample 
was determined to be 4 + 128 (or 132). Other decode 
intervals can be determined to fit the desired exposure time. 
The black-level correction cycle may be applied at regular 
intervals during the exposure time as long as the interval 
matches the dark-reference pixel repetition rate. 
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Figure 9. Black-Level Sample and Clamp Decoding 


7-54 


Analog to Binary Signal Conversion 

The signal is conditioned so it will interface with the 
analog-to-digital converter (see Figure 10). For high-speed 
conversion at 10 MHz, the TRW TD1021 4-bit parallel flash 
converter is used. It requires no external sample-and-hold 
because of its speed and design. It accepts a0 to — 1 V input 
signal, requires a convert pulse to tell when the analog signal 
is to be converted, and is powered from 5 V and —6 V 


FROM 
OUTPUT 
OF CCD 


GAIN = 0.95 


2N5247 


3Vv 
ov U 
BLACK-LEVEL CLAMP 
FROM LOGIC 


supplies. The convert-pulse timing as related to the output 
data of the CCD is important for correct A/D conversion. 

The TD1021 analog amplitude data sample is read 
10 ns after the 50% point of the convert pulse rising edge. 
In addition, the pulse is a positive TTL amplitude and should 
be nominally 30 ns wide. From these conditions, the convert 
pulse should be decoded from the timing logic so its leading 
edge is 10 ns ahead of the desired sample point on the output 


CONVERT 
TRW A-TO-D PULSE 
FLASH CONVERTER FROM LOGIC 
BINARY 
OUTPUTS 
LSB 1 
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4 
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3V 
4702 l | 
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Figure 10. Automatic Black-Level Control and A/D Converter 
(0.1 to 10 MHz Operation) 
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the converter relative to the logic from which the convert 
pulse is to be decoded. The propagation delay time between 
the reset clock high-to-low transition and the high-to-low 
transition of the pixel is 15 ns (see Figure 11). 

In addition, as shown in Figure 12, the reset clock 
rising edge is located where the transport clock feedthrough 
starts to disturb the data pixel. Therefore, the convert pulse 
should end exactly where the reset pulse starts and should 
exist 30 ns before that point. The timing diagram in Figure 2 
indicates that this is the location shown for the convert pulse 
and it is decoded from the logic symbols by an AND function 
of logic signals D and delayed B as shown in Figure 1. Logic 


50 ns/div 


Figure 11. Conditioned CCD Output Signal 
Time Related to Reset Clock 


BLACK 1 2 3 


200 mV/div 


which is delayed from the logic signals used for decoding, 
additional delay would be needed to place the convert signal 
exactly as required. Two SN74S08 AND gates were added 
to provide this delay. Figure 12 shows the CCD pixel data 
entering the A/D converter and the convert pulse show how 
well this timing method works. 

The results of this design approach are represented in 
Figure 13. This optical input for the CCD is a uniform 
illuminated seven-gray shade and black using an incandescent 
source operated from direct current to prevent 60-cycle 
modulation. No IR filter is used because there would not be 
enough light output to produce a 1-V CCD output. As a result 
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Figure 12. Conditioned CCD Output Signal 
Time Related to Convert Pulse 
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Figure 13. Conditioned CCD Gray Shade Signal and 
A/D Converter Binary Outputs 
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of the IR plus visible light combined, the gray shades are 
not uniform changes in intensity. However, this does not 
detract significantly from the presentation. The A/D 
converter was set up for its output to be 0000 for a 0 V input 
and 1111 fora —1 V input. Therefore, —0.067 V analog 
equals one binary bit state change. Combining the digital 
outputs with the conditioned CCD signal adds ringing and 
spikes to the signal. The ringing and spikes are undesirable 
in the final presentation at 10 MHz output. Figures 14, 15, 
and 16 show relatively clean output signals. 
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Figure 14. Conditioned CCD Output with Optical Input 
(10 MHz Operation — 500 ns/div) 
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Figure 15. Conditioned CCD Output with Optical Input 
(10 MHz Operation — 200 ns/div) 
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Figure 16. Conditioned CCD Output with Optical Input 
(10 MHz Operation — 50 ns/div) 


CONCLUSION 


The methods and circuits presented for 10-MHz 
operation of the TC102 linear image sensor have been 
directed at the elimination of the transport clock feedthrough 
from the output signal, automatically maintaining the output 
signal black reference, and digitization of each pixel output. 
Although the TC102 is highlighted in this report, the methods 
described can be applied to the complete family of virtual 
phase linear CCD devices for operating frequencies in the 
range to 10 MHz. 
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OPERATING INSTRUCTION SET FOR 
LINEAR CCD IMAGE SENSOR 
Introduction 


The PC401 and PC402 are the Evaluation Boards designed to facilitate operation of the Texas Instruments 
CCD linear imager sensors. The PC401 operates the following types of imagers: 


TC103 (2048 x 1 pixel organization) Reference: Evaluation Kit — TCK103 

TC104 (3456 x 1 pixel organization) Reference: Evaluation Kit — TCK104 

TC106-1 (2592 x 1 pixel organization) Reference: Evaluation Kit — TCK106-1 
The PC402 operates the following type of imager: 

TC102 (128 x 1 pixel organization) Reference: Evaluation Kit — TCK102 


The boards are intended to be used as construction aids for experimental systems using the above-listed 
CCD line-scan imagers. The necessary electronic systems required to drive the CCD imagers are included. 
Only the input of power supplies and optics is required. The logic circuitry required to time the drive signals 
correctly and the drivers that interface the logic to CCD levels is provided on the board. 


Clocking control is provided by an internal clock generator that can produce data rates from 200 kilohertz 
to 2 megahertz and can, if required, be overridden by an external clock input. 


Exposure time control is also available internally with provision for exposure times from 2 to 16 milliseconds, 
and can also be overridden by an external input. 


Clock voltages for transport, transfer, and reset clocks are controlled as shown below. 


@ = =The low-level voltage levels are directly controlled from one of the external supplies (VjL). 
@ The high-level voltage levels are supplied from the board and can be adjusted (VCH adjust). 


Power Supply Requirements 


Three voltage supplies are required: 
(1) Logic supply: +5 volts, 300 milliamperes 
(2) Imager output amplifier (Vpp): +16 volts min, 100 milliamperes 
(3) Imager low-level clock (VjL): — 16 volts min, 100 milliamperes 


Equipment Required for a Typical Setup 


(1) Oscilloscope (Tektronix Model 765) 

(2) Current-limited power supplies (two HP 6216A, one HP 6214A) 
(3) CCD imager being evaluated 

(4) Connectors for connecting board to power supplies 


Procedure 


(1) Adjust the power supplies as follows: 

Supply #1: +5 volts, current limit 250 milliamperes 
Supply #2: +16 volts, current limit 70 milliamperes 
Supply #3: -—16 volts, current limit 70 milliamperes 

(2) Connect the power supplies to the evaluation board as shown in Figure 1. 

(3) Adjust the oscilloscope with the main sweep set to 2 milliseconds per division and vertical 
sensitivity set to 5 volts per division. Connect the external sync of the scope to the white 
reference clock (WRCK) test point shown in Figure 1 to synchronize the scope with the exposure 
time rate. 
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(4) 


The following clock voltage amplitudes can be checked at test points shown in Figure 1. 


LOW LEVEL HIGH LEVEL 
WRCK White reference clock 6to8V 15 to 16 V 
(selected by J2 jumper) 
XCK Transfer clockt -—16 to -13 V 1to5V 
TCK Transport clockT -16 to -13 V 1to5V 
RCK Reset clockT -16 to -13 V 1to5V 


TSet per CCD specification in data sheet for the device being evaluated. The high-level voltage for XCK, TCK, and RCK are 
adjustable using the VcH(ADJ) potentiometer shown in Figure 1. The low level is set by adjusting the — 16-volt power supply, 


ViL- 
(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


When the clock levels have been checked, plug the CCD imager to be tested into the test socket 
and connect the vertical oscilloscope probe to the output-signal test point (see Figure 1). Set 
the vertical amplifier to ‘‘ac coupled’’ and set the sensitivity to 0.2 V/division. NOTE: Recheck 
clock levels after inserting CCD into test socket and readjust clock levels if necessary. 
Begin with a low light level on the imager and increase the light level until an output level of 
approximately 0.4 volts is obtained. Note that if a shadow is cast across the imager the amplitude 
of the output signal is affected in the region of the shadow. 

Check the effects of exposure time by adjusting its control (see Figure 1). Observe the time 
between the white reference output signals (see Figure 2). Set the exposure time to 10 
milliseconds. Instructions for external exposure time control are shown in the next section. 
Check the output frequency range by setting the frequency-adjust potentiometer to each extreme 
and observing the frequency range with the oscilloscope. The board should deliver a range of 
0.3 to 2 megahertz. Set the frequency to 0.5 megahertz. 

With the main sweep set at 1 millisecond per division, and with the expanded sweep set at 
10 microseconds per division, look for the output white reference signal. When it is found, move 
the probe from the output signal test point to the end-of-scan (EOS) test point and verify its 
presence (see Figure 2). 

If the TC 103 or TC104 is under evaluation, note that an internal reference voltage pin (pin 5) 
is provided from the CCD. This pin provides the reference voltage for VREF (pin 1) of the output 
signal amplifier of the imager. Jumper J4 can be set to connect INT REF and Vref of TC103, 
TC104, or TC106-1 through a 5.1-kilohm resistor (see Figure 3). For TC102, J4 is set to connect 
VREF to the 7.2-volt point on the voltage divider between Vpp and ground (see Figure 3). 
Figure 4 outlines the timing waveforms at test points A through G with appropriate clock pulses. 
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Refer to Figure 3. With jumper J3 set to external position (EXT) and with an appropriate external counter 
chain, the exposure time can be set as a multiple of transport clock (TCK) period. The output from the 
external counter is returned to the external exposure time input. 


An example of such a circuit is shown in Figure 5. For a data rate of 0.5 megahertz, the time between 
the white reference outputs (defined as exposure time) for this example is 8188 microseconds. This time 
may be varied in increments of 4 microseconds (2/data rate) by changing the input to the preset input 
lines. (Data rate = RCK frequency = 2 X TCK frequency.) Therefore: 


TCK = data rate/2 = 500,000/2 = 250,000 


Since the preset input down count = 111111111110 = 2047, time per count = 4 microseconds. 


Thus: 


Exposure time = 2047 counts X 4 microseconds/count = 8188 microseconds 


SOCKET FOR: TC103 
TC104 
TC106-1 


SOCKET FOR TC102 


GROUND 
END OF 
TP1O scan TC103/104/106-1 
pes TP6 
APPROXIMATE BOARD O O output 
SIZE 4 3/16" X 43/8” gas 
RCK = 
INCLUDING EDGE 
CONNECTOR 
TP3 TP4 
(ooh ®) 
sai ntes TCK XCK 
OMIT JUMPER 
FOR WHITE REF. 
FREQ. ADJ. EXPOSURE 


TIME ADJ. 


MATING CONNECTOR 
TRW/CINCH 50-44A-30 
OR EQUIVALENT 


Vi, CLK. EXP. COUNTER +Vpp 
(=16 V) CHAIN INPUT (+16 V) 


(J1 & J3 SHOWN IN INTERNAL SELECT POSITION) 


Tay INTERNAL/EXTERNAL CLOCK SELECT 
+J3 = INTERNAL/EXTERNAL EXPOSURE TIME SELECT 
5J4 = INTERNAL/EXTERNAL REFERENCE VOLTAGE (VReF) SELECT 


FIGURE 1. LINEAR CCD EVALUATION BOARD 
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Output Signal (OS) pulse identification: | = Isolation pixel, IP = Image pixel, B = Black reference pixel, WR = White reference pixel, X = Empty pixel. 


FIGURE 2. OPERATING INPUT AND OUTPUT VOLTAGE WAVEFORMS (TC103 SHOWN) 
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FIGURE 3. EVALUATION BOARD SCHEMATIC 
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FIGURE 5. EXTERNAL TIME EXPOSURE CIRCUIT 
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A SIMPLE METHOD OF CONDITIONING THE OUTPUT OF A CCD IMAGER 
FOR INTERFACING TO A DIGITAL SYSTEM 


introduction 


For applications such as bar-code reading or 
optical character reading, it may be desirable to 
convert the analog output of a Charge-Coupled 
Device (CCD) imager into a binary waveform in 
which one logic level represents ‘‘black’’ and the 
other ‘‘white’’. The resulting binary waveform 
could then be used as a data input to a digital 
processing system for decoding (a 
microprocessor, for example). A simple, low- 
cost method of producing such a waveform is 
described below. 


In the circuit shown in Figure 1, the voltage 
output of a CCD imager is amplified, filtered, 
rectified, and ‘‘digitized’’ to produce a simple 
serial representation of the image. The input of 
the circuit is required to be at standard video 
level (approximately 1 volt peak-to-peak), and 
the output is a TTL-compatible signal. Following 
is a detailed description of how the circuit 
operates. 


description of circuit 


The signal from the CCD imager is first amplified 
by the LM318 (U2). C1 removes the DC offset 
from the input, and R1 and R2 determine the gain 
of the amplifier. The gain of the amplifier is 
approximately —200 and severely clips the 
signal. Because the circuit needs only to 
distinguish ‘‘black’’ from ‘‘white’’, no 
information is lost, and in fact the clipping is 
actually beneficial to the performance of the 
circuit. This benefit is gained by clipping because 
it partially removes some of the undesired 
transfer clock components from the signal. Next, 
the inverted and amplified signal is rectified by 


CR1. This limits the negative swing of the 
rectifier output to one diode drop below ground. 
At this point, the ‘‘black’’ level is at or slightly 
below zero volts. Next, the signal is integrated 
by R3 and C3. This acts as a low-pass filter, 
removing most of the transfer-clock component 
from the signal. The final stage is a comparator, 
U2, with hysteresis (provided by the 
combination of R4 and R5) that squares the 
filtered and rectified signal and provides the final 
TTL-level output. Because the transfer clock 
cannot be completely removed from the signal 
with only a single-order integrator, there is still 
some high-frequency noise riding on the signal 
at the input to the comparator. The hysteresis 
allows the comparator to ignore the effects of 
this noise. Without the hysteresis, spurious 
pulses would appear at the output. 


evaluation 


This circuit was breadboarded and tested using 
the TCK103 evaluation board to provide the 
necessary timing signals and preamplification of 
the CCD imager output. The TCK103 uses a 
Texas Instruments TC103 imager, a 
2048-element linear imager that is capable of 
providing resolution up to 240 points per inch. 
It was found that there was some degradation 
of the imager resolution due to the coarseness 
of the integration. It is believed that a higher 
order integrator might improve resolution. One 
factor to consider in analyzing the value of this 
circuit implementation in a practical application 
would be to weight the low cost and minimal 
parts count of this solution against a more 
complicated and expensive solution yielding less 
degradation of resolution. 
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FIGURE 1. SCHEMATIC DIAGRAM OF CCD IMAGER SIGNAL CONDITIONING CIRCUIT 
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TC103-ISM Interfacing Circuit 


Introduction 
Features of TC103 


@ 2048 x 1 Sensor Element Organization 

@ Virture-Phase Technology 

@ Enhanced Blue Response 

©@ Output Signal Approximately . . . 1 V Peak-to-Peak 
@ Maximum Operating Frequency .. . 10 MHz 

®@ Effective Sensing Length . . . 254 nm (A4, B4 size) 


TC103-ISM Scanner Module 


The TC103-ISM is used to evaluate the TC103 CCD. It contains the optical system, 
the driving circuit for the CCD, and a TC103 CCD, itself. The operating frequency is 
2 MHz. The output data rate is 500 kHz. The resolution is 200 dots per inch and there 
are 2048 sensing elements. Hence, the time required to scan a line is 4.096 ms. 


The illumination source for the TC103-ISM is a white fluorescent lamp. The 
wavelength is between 390 nm and 600 nm. The effective optical path is 333 nm. 


The output signals from the TC103-ISM are the Output Signal (OS) and the Transfer 
Clock (XCK). The waveform of OS can be observed with an ocsilloscope. 


Interfacing Circuit 


The interfacing circuit is designed to interface the CCD Scanner Module and a PC. 
The image is first scanned by the scanner and the data is sent to the PC. The resulting 
image is printed by a laser printer such as the TI Omnilaser 2115. 


The input signals consist of the Master Clock (MCLK), the Transfer Clock (XCK), 
and the Scanner Output Signal (OS). The analog signal is sent through the threshold 
comparator (U1, LM311) and becomes a digital signal. The threshold voltage is set by 
observing the comparator output waveform (U1, pin 7). A flip-flop (U2A, SN74LS74) 
is used to clock the data and a serial-to-parallel shift register (U3, SN74LS164) is used 
to convert 8 bits of data into one byte. Since there are 2048 bits of data for one image 
line, a total of 256 bytes of memory space needed. 
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From the timing diagram of the scanner module, it is found that the first valid data 
appears after 87 Master Clock (MCLK) cycles. An 8-bit counter (U8, SN74LS590) is 
used to do the counting. As seen in Figure 2, 89 MCLK cycles are then chosen to be 
the delay time before reading any data into memory. When the counter counts to 89, it 
will trigger the CCDPALI (U9) and a Start-Of-Scan (SOS) signal will, in turn, trigger 
another flip-flop (U12B, SN74LS74), which will reset the CCDPAL2 (U10). The input 
clock to CCDPAL2 is MCLK divided by 4 and this clock is further divided by 8 and 
becomes the counter clock for the second counter (U6, SN74LS590). A write-enable signal 
will also be generated and fed to the SRAM chip (US, IDT6116). The addresses for the 
SRAM chip are produced by the second counter with increment for every 32 MCLK cycles. 
Therefore, all the 256 bytes of data will be stored into the SRAM without any software 
control. 


When the second counter counts to 256, a Ripple-Carry-Over (RCO) pulse will be 
sent to the TMS7742 microcontroller. This pulse will interrupt the microcontroller and 
an interrupt service routine will begin. 


TMS7742 Program 


There are 4 I/O ports in the TMS7742. In this circuit, ports A and B are used as 
I/O controller ports. Port C is used as the data/address port and port D controls the upper 
3 bits of the SRAM address. 


When the program is initialized, I/O signals are sent to clear and disable all flip- 
flops and counters. Next, the flip-flops and counters are enabled and the TMS7742 enters 
the idle state until interrupted by RCO signal from the second counter (U6). When 
interrupted, the address is placed on port C and latched (U7, SN74LS373). A read-enable 
signal is then sent to the SRAM and read from port C. After reading all 256 bytes of 
data, the data is sent to a computer via the on-chip serial port and a data-level converter 
(U14, MC1488). A laser printer then prints the resulting image. 


It should be noted that the TMS7742 is operated in the single-chip mode. The 
operating frequency is 5 MHz. Only 174 bytes are used to write the interfacing program. 
Application 


The CCD scanner and the interfacing circuit are designed to be used as an optical 
reader. Applications include facsimile scanner, optical recognition, and PC scanner. 


The interfacing circuit is capable of producing a correctly scanned line of image 
on a laser printer and a thermal head printer. Demonstrations were performed with good 
results. 
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Figure 1. Application Notes on TC103-ISM and Interfacing Circuit 
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Figure 2. Timing Diagram for CCD Scanner Interface Circuit 
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Scanner Module Timing Descriptions 
Timing Diagram No. 1 


This timing diagram shows the scanner module input logic and the PAL® IC output 
logic. 


Scanner Module Logic Inputs 


SIGNAL NAME DESCRIPTION 


MCLK Master clock for all input logic and PAL® logic. This clock operates at 
2 MHz at 50% duty cycle. 


This signal provides the clock logic for the CCD transfer clock input. 


XCK The period of this signal determines the integration time for the CCD. 


This period has been set to 5 ms for the scanner module. 


CLMP This signal provides the clamp logic for the video processing circuitry. 
PAL® IC Output Logic 


The frequency of this signal is 1/2 the data rate. 
frequency of this signal (500 kHz) determines the data rate. 


Sample/Hold IC. 
converter. 


Timing Diagram No. 2 


This timing diagram shows the relationship between the master clock (MCK) and 
all the CCD clock signals (KCK, TCK, RCK) for the sample/hold logic (S/H) and the 
A/D converter logic (RCK). 


PAL is a registered trademark of Monolithic Memories, Inc. 
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Figure 3. Timing Diagram No. 1 
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Figure 4. Timing Diagram No. 2 
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Timing Diagram No. 3 


This timing diagram shows the entire frame time for the scanner module. The video 
signal is shown at various points in the video processing. 


0s1 This is the raw CCD signal. The dark reference pixels (19) precede the 
active pixels (2048). 
0s2 This is the sample and held video signal. The sample and hold removes 
the reset to zero between pixels. 


This is the amplified, inverted, clamped, and buffered video signal. 
This signal is available at the output connector of the scanner module. 
It is also input into the 6-bit A/D for digitizing. 
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NOTES: RCK logic is the A/D conversion clock 


OS1 is the CCD video signal 
OS2 is the sample and hold video signal 
OS3 is the amplified and inverted video signal 


Figure 5. Timing Diagram No. 3 
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ALL DIMENSIONS ARE NOMINAL IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTE: Module is attached to demo fixture. T! will supply the module; customer should supply 
roller and light source in production. 


Figure 6. Dimensions of Module 
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Figure 7. Dimensions of Scanner Demonstration Unit 


Parts List for Scanner Board 


CATEGORY NAME 
TIBPAL16R4-10CN (20-pin) 
TL1591CP (8-pin) 
NE5534P (8-pin) 
SN75369 (8-pin) 
SN75369P (8-pin) 
LM310N (8-pin) 
TL5501CN (16-pin) 
LM310N (8-pin) 


ak Applications 


Tall chips have 2.54-mm (0.100 in) center spacing. 
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Parts List for Scanner Board (Continued) 


DEVICE SCHEMATIC DEVICE TYPE 
CATEGORY NAME 


Q1 2N3906 
: Q2 2N3904 
Transistors 03 2N3904 
Q4 S$D214DE 
R1 


R2 
R3 
Resistors? 


R16 


5 kQ (3299 W) 
5 kQ (3299 W) 
5 kQ (3299 W) 
5 kQ (3299 W) 


Potentiometers 8 


Capacitors 
(see Notes 1, 2, and 3) 


TWVDC—Working de voltage 
+All resistors are 1/4 W and have a 5% tolerance. 
SPotentiometers are 1/2 W @ 70°C and are three-lead, in-line potentiometers with 2,54-mm 
(0.100 in) center spacing and are adjusted from the top. 
NOTES: 1. Use 5-mm (0.200 in) spacing between leads of each capacitor. 
2. The 10-uF and 100-yF capacitors are tantalum. 
3. All 0.1-uF capacitors are ceramic. 
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Parts List for Scanner Board (Concluded) 


ATI 
wees saps DEVICE TYPE wvoct 
CATEGORY NAME 
cg 


Capacitors 
(see Note 1, 2, and 3) 


C34 
L1 470 pH 
Inductors L2 Pb oe 
1 mH 
Connectors 
J2s 1-102445-6 
tos 


TWVDC—Working de voltage 
41 10-pin straight post, double-row header connector with 2,54-mm (0.100 in) center 
spacing. 
82 16-pin right-angle post, single-row connector with 2,54-mm (0.100 in) center spacing. 
NOTES: 1. Use 5-mm (0.200 in) spacing between leads of each capacitor. 
2. The 10-uF and 100-yF capacitors are tantalum. 
3. All O.1-yF capacitors are ceramic. 
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1. All resistors are 1/4 W 5% 
2. Q2 provides Viy 
3. R16 provides 3 V 
<> 4. Component values on separate sheet 
5 
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wor NOTES: 


BOTTOM VIEW connector J1 pins 


—— connector J2 pins 
Figure 8. Scanner Board SB1 
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